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AFRL Success Story Program

Helping to maintain the Air Force’s strong
Science and Technology foundation
one success at a time.

This year marks the 100th anniversary of powered flight and reminds us of the important role that science and
technology has always played in our Armed Forces—and especially in our Air Force. Science and Technology
represents the foundation upon which our former leaders built the Air Force more than 55 years ago, and it continues
to lead the way into the 2 Ist century.

Innovation and technology are key components of the Air Force’s strong foundation. The imagination of the world’s
best and brightest minds—in government, industry, and academia—are what provides the best equipment, weapon
systems, and ideas driving our organization. These success stories showcase some of the work accomplished within
the Air Force Research Laboratory (AFRL) to turn science fiction into fact.

AFRL, headquartered at Wright-Patterson Air Force Base, .
Ohio, is the Air Force’s largest employer of scientists and
engineers—about 3,000, of which more than 800 have
doctorate degrees in science and engineering disciplines.
These highly skilled and motivated personnel are critical to
our success in leading our government/industry/university
team and in making technology breakthroughs. Our scientists
and engineers push the limits of air and space, bringing critical
technologies to new heights in their scientific disciplines.
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You will find in these pages some of our most noteworthy
success stories for 2003. These stories are just a sample of
AFRL technologies currently under development. This year
we have also added a CD-ROM that provides a link to the
same information showcased in this book as well as other
AFRL technology areas.
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If you want to know more about a success story, please
contact our technology clearinghouse, TECH CONNECT, at
(800) 203-6451, and they will direct you to the appropriate
laboratory expert. Visit our Web site at www.dfrl.af. mil.
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Introduction

The Air Force Science and Technology Success Stories herein often represent the combined
effort of several scientists and engineers working as a team. The basic and applied research,
plus the follow-on technology development described, are essential to the continued success
of the Air Force mission.

Success Stories were selected from one or more of the following categories:

Support to the Warfighter
Technology that has potential for or has achieved application on a Department of
Defense system in development or operation or that has provided “quick-reaction”
response to problems or needs of field organizations.

Major innovative technological advancements that offer significant potential for existing
and future Air Force systems.

Technology Transfer
Technology that has transferred from the laboratory to the private sector, to include
industry, academia, and state and local governments.

Awards/Recognition
Awards or recognition by the scientific community at large, concerning technology
advancements in the areas of technology transition, technology transfer, or technical
achievement.




Support to the Warfighter
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Air Force Communications Enterprise Management SyStem ..., 20
Flight Demonstration Showcases C2 Interoperability and Real-Time Collaboration.............cc.c.ccccecuvcennnne. 21
Information Directorate Helps Develop the WAVE of the Future for Exploitation of
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Support to the Warfighter

ManTech’s AMP Provides Air Force Depots a Faster, Safer, Less Expensive De-paint Method................ 31
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Propulsion
Low-Cost Portable Wear Debris Monitor Developed for Turbine Engines.............cccoeuvininnciniiniiinnns 43
Propulsion Directorate Develops More Efficient ECU for Deployable Tents.............coccvviiniiineiinnnnae. 44
Ultra-Fast Analyzer Ensures Safe Use of Jet FUels............cconiiiiiiniiins 45
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Sensors Directorate Engineer/Technician Duo Invents Switch for AFSOC Radios ...........cccooveineiiiniianee. 46
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Communication/Navigation Outage Forecasting SyStem ..., 48
Solar Mass Ejection Imager Launched on Space Test Program’s Coriolis Satellite ............ccccovuvriiiiiinnee, 49
AFRL Successfully Tests Miniature Satellite Threat Reporting System ... 50

Low-Shock Separation System Dramatically Reduces Satellite Failures..............cocoveiviisiniiiiiininsiinns 51



Muiti-Agent Distributed Goal
Satisfaction Device

Payoff The Multi-Agent Distributed Goal Satisfaction (MADGS) device, a JAVA™-based, mobile-agent system, could help ease
the burden of planning and executing large-scale missions. MADGS is a sophisticated system that fully understands how to retrieve,
analyze, synthesize, and disseminate information to commanders on and off the battlefield. MADGS also factors in incomplete or
uncertain information and addresses working with a large number of people, limited resources, external influences, and nearly every
other conceivable obstacle.

agentTool
Accomplishment Dr. Eugene Santos, an Air o
Force Office of Scientific Research (AFOSR)-funded e b5t et
professor of computer science and engineering at the T— & e s iy B M
University of Connecticut, developed a field-savvy, Palm R —— *

Pilot-like device, called MADGS, loaded with advanced
logistics system software. Armed with MADGS, leaders
no longer have to worry about items sent to the wrong
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Background AFOsR's Mathematics and Space Sciences Directorate sponsors Dr. Santos’ team of scientists. This team
includes Drs. Alexander Shvartsman and Steven Demurjian, at the University of Connecticut; Dr. Scott Deloach, at Kansas State
University; and Dr. Michael Cox, at Wright State University in Ohio.

Dr. Santos’ team developed software versatile enough for a general in battle or a mayor responding to a terrorist attack by forming a
union of five components: Agent-Server (Carolina), mobile-agents, Distributed Goal Satisfaction (DGS), agentTool, and PRODIGY®.
To make it work, Dr. Santos’ team injected mobile-agents into the system through the agentTool to help the user analyze missions
that require complex planning and execution. The DGS module provides users with resource alternatives to the PRODIGY-
constructed master plan.




AFRL Technology Enhances Logistics
Situation Awareness

Payoff The Human Effectiveness Directorate’s Deployment and Sustainment Division recently conducted a field evaluation
of Logistics Control and Information Support (LOCIS) Spiral | and Spiral 2 technologies with the 16 Special Operations Wing at
Hurlburt Field, Florida. This evaluation demonstrated dramatically increased situation awareness of mission resources through
advanced visualization techniques, data fusion, customizable user interfaces, and threshold monitoring and reporting.

AccompliShment The directorate’s LOCIS research mm- mm
team conducted three preliminary field evaluations and a final
VIRRFIGHTER NEEDS Teefmatogy Solusons

evaluation, analyzed the data, and reported their findings.
Personnel at Hurlburt Field widely accepted the LOCIS capabilities
and used them daily to support deployment and sustainment of
Operation ENDURING FREEDOM.

The LOCIS informational views provide a quick look of wing
capability to senior decision makers and are used in lieu of briefing
charts for maintenance stand-up meetings. This saves time
searching for and assembling data into stand-up reports.

Background LOCIS is a4-year proof of concept. The directorate’s Logistics Readiness Branch developed the program, and
the Agile Combat Support Division of the Air Force Command and Control Intelligence, Surveillance, and Reconnaissance Center
at Langley Air Force Base, Virginia, officially sponsored the program.

LOCIS focuses on wing-level command and control for logistics. The program is researching and developing information
technologies that will enhance the ability of the logistics community to effectively manage mission resources and assimilate logistics
information for decision making in an Expeditionary Air Force/Agile Combat Support Command and Control environment.

The LOCIS effort consists of three yearly spirals, culminating in annual demonstrations where the team collects user feedback for

the next spiral. The LOCIS field evaluation provided valuable warfighter feedback for improving LOCIS tools and created strong
program advocates that are leading technology transition activities.
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Crew Fatigue Quantified During
ENDURING FREEDOM Airlift Missions

P‘dYOﬁ Human Effectiveness Directorate scientists and engineers (S&Es), in conjunction with Air Force Operational Test and
Evaluation Center (AFOTEC) personnel, conducted an objective wartime aircrew fatigue assessment during C-17 missions to
Afghanistan. Directorate S&Es expect the results of this assessment to lead to decreases in the approximately $54M in personnel,
aircraft, and property lost each year in Air Force Class A mishaps related to warfighter fatigue.

Accomplishment As an integral part of the Air
Mobility Command's (AMC) Counter Fatigue program, S&Es
from the directorate’s Warfighter Fatigue Countermeasures
program, at Brooks City-Base, Texas, and AFOTEC, Det.
|, at Kirtland Air Force Base, New Mexico, conducted an
objective wartime aircrew fatigue assessment during the
round-trip C- 17 missions supporting Operation ENDURING
FREEDOM. These extended 22+ hour missions, with
crews deployed from the continental United States, included
multiple aerial refuelings.

This effort will provide a baseline for development of the
AMC fatigue management policy. Data will also support the
ongoing operational validation of the Sleep, Activity, Fatigue,
and Task Effectiveness (SAFTE®) model that quantitatively
predicts fatigue effects on human performance.

Background Data collection during the C- 17 flights included the use of psychomotor tests, activity monitors, activity
logbooks, and subjective fatigue self-assessments. Part of the analysis will include a comparison of actual aircrew work

and sleep performance with predicted cognitive effectiveness ratings generated by the Fatigue Avoidance Scheduling Tool
(FAST™).

The FAST software interface generates cognitive effectiveness predictions over time based on the SAFTE model. The SAFTE
model is a homeostatic representation of the three-process, biological mechanisms that affect cognitive and physiological
capability in humans. The model is the product of more than |2 years of extensive model development and comparisons of
the model’s algorithms to laboratory data collected during the past 20 years.

Problems associated with human fatigue are not limited to military operations. Air Force fatigue countermeasures research

products also have direct application to more than 20 million Americans who perform shift work and to millions who
experience the adverse effects of jet lag or even a night of disrupted sleep.




Spatial Audio Technology Reduces Risk
for AWACS Transition

Pﬂ)’ﬂﬁ The Human Effectiveness Directorate developed and transitioned its spatial audio knowledge and software, which
dramatically improves an operator's ability to discriminate among multiple communication channels. This software directly reduces
risk for the Airborne Warning and Control System (AWACS) Block 40/45 fleet upgrade by demonstrating a communications system
with many of the same attributes as those desired for the airborne platform. Among those who will use the system at Nellis
Air Force Base (AFB), Nevada, are operators from the United States Air Force (USAF) Weapons School and the Combined Air
Operations Center supporting the Joint Expeditionary Force Experiment.

Accomplishment The directorate collaborated with Compunetix, Inc., the
Pittsburgh, Pennsytvania vendor selected to upgrade the communication system at the
USAF Weapons School, to transition the spatial audio capability into Compunetix’s
hardware and software architecture. The 98" Operation Support Squadron at Nellis
AFB, Nevada, selected Compunetix to provide a system nearly identical to the system
previously installed at the Pacific Missile Range Facility, Barking Sands, Kauai, Hawai.

The USAF Weapons School Command and Control Operations Division at Nellis AFB
is the premier site for air battle management tactics instruction. This location will be
optimal for showcasing the new capability to the entire command and control (C2)
community.

Background AWACS controllers typically communicate in noisy
acoustic environments during mission operations that exceed 20 hrs
in duration. Battle managers routinely monitor up to five external and
four internal communications ports (radios and intercom channels),
discriminating which port is active by a combination of voice recognition
and volume setting. The spatial audio technology gives the listener the
impression that the voices on the different channels are coming from
different directions with respect to his/her location.

With a spatial audio addition, operators experience intelligibility increases
of 15-30% when azimuth separates the audio channels, as well as the
ability to discriminate between multiple simultaneous radiofintercom
communications. The directorate initiated the Virtual Air Commanders program to transition technologies that specifically benefit the
airborne C2 operator’s system interface. Spatial audio is one of the technologies specifically examined and tailored to that interface.




IPNVGS Increase View, Situational
Awareness, and Protection

Payoff The Human Effectiveness Directorate’s Integrated Panoramic Night Vision Goggle (IPNVG) system provides aircrew
members with increased viewing and unsurpassed situational awareness at night, offers protection from lasers, and causes less neck
fatigue during long missions. General Michael Ryan, former Air Force Chief of Staff, stated the Air Force needs panoramic night
vision goggles (PNVGs) in the field...fast! This declaration prompted the recent transition of this technology to the Aeronautical
Systems Center for system development, demonstration, and eventual production.

Accomplishment Night Vision Goggles (NVGs)
offer tactical advantages in both air and ground arenas, but
the currently fielded system—the AN/AVS-9—provides
only a limited 40° circular field-of-view (FOV). The IPNVG,
however, generates an intensified FOV that is one and one-
half times larger than the AN/AVS-9.

The IPNVG achieves increased FOV by using four smaller
(16 mm format) image intensifier (12) tubes rather than the
two traditional (I8 mm format) 12 tubes. The IPNVG's
ultrawide, 95° FOV significantly improves night navigation,
targeting, weapons delivery, and search and rescue by
allowing advanced tactics during night missions.

The IPNVG integrates laser-hardening technology,
accommodates prescription and laser eyewear, and has a
highly producible straight-through optical design in all four channels. The IPNVG eliminates some current maintenance requirements,
such as purging with nitrogen every 90 days, and also incorporates numerous maintenance-friendly elements including separate but
interchangeable parts for solder-free repairs.

Background warfighters are evaluating the operational usefulness of the new IPNVG design on various Air Force
g g g

platforms including the A-10, F-15, F-16, and HH-60. An extensive field survey showed that most pilots desire an increased

FOV, but not at the expense of reduced resolution.

Previous day and night visual studies indicate the optimal FOV should be between 80° and 100°. To meet this requirement, the
directorate initiated a Small Business Innovation Research (SBIR) program and produced a PNVG concept demonstrator.

The follow-on Phase Il SBIR produced seven low-profile prototypes (PNVG Model |) designed for ejection-seat aircraft. The
Phase Il SBIR also provided five more prototypes (PNVG Model II), whose traditional NVG design complements existing NVG
mounts.

Warfighters evaluated these systems on transport and rotary-wing aircraft as well as for ground personnel use. Directorate
researchers collected performance data and obtained invaluable pilot design inputs after evaluating operational utility for Air Force
warriors aboard multiple aircraft. These inputs provided the basis for the IPNVG program.
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New Microdisplay Transitions
to USAF and Industry

Pa)’()ﬁ The Human Effectiveness Directorate transitioned a new type of microdisplay, ideally suited for use in helmet-mounted
displays (HMDs), into the United States Air Force (USAF) Strike Helmet 21, Panoramic Night-Vision Goggle (PNVG), and Digital
Knee Board programs as well as industry.

ACCOmpliShment Current airborne military HMDs
IR R VTS (GG T I TRS = l ISTR ke HBTEt 21 Helmet System Concept
the pilot sees. However, these CRTs have drawbacks. They Night PNV

are bulky, do not emit light efficiently, cannot easily produce
color, and require potentially hazardous high voltages.

The directorate created a microdisplay technology that
overcomes these issues. Termed active-matrix organic light-
emitting diodes (AMOLED:), these new displays are small,
thin, lightweight, low voltage, low power, and completely
self-contained with their own video controller.

AMOLED manufacturers use the same techniques as those
used to make semiconductors, so they produce displays in
one continuous, economical process. AMOLEDs occupy
minimal space and can run on battery power, maintain visibility
in bright environments, and emit the same range of colors as
a desktop CRT.

Background The directorate produced AMOLED:s through Phase Il Small Business Innovation Research and Dual-Use Science
and Technology programs. According to one estimate, more than 100 companies are pursuing this technology. Since the transition of
AMOLED technology to the USAF, the US Army, and commercial contractors, far-reaching benefits are possible such as wide field-of-
view PNVGs, high-definition television, three-dimensional game systems, and digital video disc players.

Air
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Active Synchrophaser Lowers C-130
Interior Noise Levels

Payoﬁ’ The Human Effectiveness Directorate’s Crew System Interface
Division completed flight tests and analyses of the C-130 Active Synchrophaser
System, which showed reduced interior noise levels by as much as 22 decibels
(dB). Now for the first time, the directorate demonstrated reduced noise levels
in four-engine propeller aircraft using a propeller synchronization technique.

AﬂﬂompliSh Ment Using four-engine C-130s, directorate engineers
demonstrated that noise from one propeller could cancel out the noise from
another propeller when properly synchronized. The decrease in sound
is significant in reducing pilot and crew fatigue, in mitigating exposure to
prolonged noise and elevated noise levels, and in retaining the ability to
hear.

Background The propellers of C-130 aircraft emit a low, resonating
tone, precipitating the need to reduce the acoustic signature. The directorate’s
bioacoustics expertise was key in that effort.

The directorate conducted in-flight and ground noise measurements of the advanced synchrophaser control unit to determine if
controlling the propeller phase angles of C-130 type aircraft could reduce the noise. During the flight test, aircrew noted test points
where cockpit noise levels were so low, they had to remove their hearing protection to be assured that the engines were operating. In
fact, the directorate identified a 22 dB reduction in cockpit noise levels during that particular phase of the testing.

The directorate demonstrated a basic synchrophaser system for twin-engine aircraft in 1992, based on a manually tuned system with
no phase control. Two years later, the directorate produced the first digital synchrophaser that controlled the propeller phase by
regulating the fuel flow to obtain a 10-15 dB interior noise reduction in an OV-|0 twin-engine propeller aircraft.

However, the C-130 Active Synchrophaser System uses acoustic feedback from microphones specifically arranged and mounted
to the fuselage or by a personal computer-based controller to find the correct phase for reducing noise levels. The C-130 Active
Synchrophaser System demonstrated that significant noise-level reductions can be accomplished for turboprop aircraft without
affecting the basic aircraft performance.




Non-Distributed Flight Reference
Off-Boresight Symbology Advances
Warfighting Capability

Payoff Off-boresight attitude symbology improves the warfighter's situation awareness of aircraft attitude when performing
off-boresight tasks such as air-to-air or air-to-ground maneuvers.

Accomplish Ment The Human Effectiveness Directorate’s Visual Display Systems Branch developed a small footprint off-
boresight attitude symbology called Non-Distributed Flight Reference (NDFR). The NDFR allows pilots to keep their attention out
of the cockpit during tactical engagements and still maintain situation awareness of their attitude, thus yielding tactical and safety
advantages. The directorate demonstrated the capabilities of the NDFR to a group of pilots at a technical information meeting and
adopted it as the off-boresight attitude symbology for the Strike Helmet 2| program.

Background The development of off-boresight
attitude symbology was an ongoing project within the
directorate’s Visual Display Systems Branch. Researchers
modified NDFR by a series of in-house experiments. Each
of these experiments compared NDFR to other off-boresight
displays in various operationally representative tasks. In
all cases, NDFR proved to give pilots the best situation
awareness of their aircraft state.

Directorate engineers performed operational testing to
assess the utility of NDFR in a variety of tasks including
unusual attitude recovery, and air-to-air and air-to-ground
maneuvers. In all three cases, NDFR proved most effective
for giving pilots attitude awareness, allowing them to spend
more time outside the cockpit to perform their given tasks.




Cockpit Accommodation Research Changes
USAF Pilot Assignment Policy

Pd)’Oﬁ The United States Air Force (USAF) utilized data from all USAF aircraft to assign pilot candidates of extreme body size
to particular aircraft. This process avoids potential safety problems associated with aircraft/body size accommodation mismatches
and expands flight opportunities for candidates who might otherwise have limited opportunities.

Accomplishment The Human Effectiveness Directorate
measured approximately 30 test subjects of extreme body size in
24 USAF aircraft types to determine each aircraft’s accommodation
levels. Directorate researchers used these survey results, along
with extensive anthropometric measures on all subjects, to predict
the ability of people of extreme size to accomplish performance
requirements as established by each USAF command.

The prediction equations developed from this research are quite
good—accommodation levels in most high-performance aircraft are
very close to original design specifications, people outside current
entrance requirements for size should not be assigned to these
aircraft, and some heavy aircraft can accommodate pilots of extreme
size. The USAF Surgeon General's (SG) office uses these results to
match pilot candidates of extreme size with specific classes or tracks
of aircraft defined by their accommodation limits.

Background Airr Force medical standards (AFI-48-123) require
USAF pilot candidates to be between 64 and 77 inches in stature and
34 and 40 inches in sitting height. Directorate researchers use this
population to set design parameters for most USAF aircraft cockpit
layouts.

However, in the mid 1990s, the Joint Primary Aircraft Training System (JPATS) program set body size design limits for the T-6 at 58
through 77 inches for stature and 31 to 40 inches for sitting height. Initially, the USAF considered relaxing entrance requirements
to make flight training more accessible to both larger and smaller candidates.

The directorate was involved in developing cockpit design and evaluation methods for many years, typically working with program
offices on specific platform requirements and testing. The current study applied those techniques to an evaluation of all USAF fleet
aircraft with the goal of setting new pilot selection criteria.

The directorate briefed the results to the Chief of Staff of the Air Force, the commander of the Air Force Materiel Command, the

commander of the Air Education and Training Command, USAF/SG, and CORONA. The directorate also presented the results at
several conferences and published those results as a USAF technical report.




Passive Head/Neck Protection
System Reduces Neck Injuries
During Emergency Ejections

Pﬂ)’ﬂﬁ A new passive head/neck protection system should decrease major injuries and fatalities caused by aerodynamic-induced
lift forces in the head/neck area for crewmembers ejecting at airspeeds to 600 knots equivalent air speed (KEAS).

Accom plishment The Human Effectiveness Directorate successfully led the development and demonstration of a passive
head/neck protection system that deploys during emergency ejection and reduces injurious lift loads acting on the ejection seat
occupant’s head and neck.

Background Directorate researchers and contractors developed
and demonstrated a seat-mounted flow stagnation design that effectively
controls the lift forces on the neck and impact of the head with the headrest
during emergency ejections to 600 KEAS. The system is stowed on the
ejection seat during normal! flight operations and deploys during emergency

escape.

Directorate researchers and contractors placed emphasis on seat-mounted
concepts to avoid crew encumbrance with the addition of aircrew-mounted
restraint straps or helmet modifications. The effort has the potential to
decrease neck lift forces to non-injurious levels during high-speed ejections
for the expanded size and weight range of crewmembers from the small-
frame female to the large-frame male.




HMD Visor Transmissivity Modeling
Promotes Target Recognition

Payoff Study of the transmissivity or see-through performance of helmet-mounted displays (HMDs) helps researchers to
identify the key parameters that affect pilot target recognition range in a combat environment.

Accomplishment The Human Effectiveness Directorate’s Crew System Interface Division derived a unique equation
that describes the interaction of key parameters on see-through helmet visors. The directorate modeled, tested, and verified the
expected results in the laboratory and in field studies before transitioning them to HMD programs for use in HMD and visor designs.
The directorate’s HMD test results demonstrate a very strong correlation between the model’s predictions and field trial results.

Background HMD testing in recent years shows that the
reflective coatings used to enhance symbology contrast on HMDs
interfere significantly with combat pilots’ tactical situation awareness—
the ability to maintain visual contact with low-contrast targets and with
allied formation members to the maximum possible visual slant range.
Luminance contrast requirements for legibility of symbology on see-
through HMDs are fairly well established. However, the directorate has
not thoroughly investigated the see-through performance for HMDs to
identify key parameters and their interaction nor determined their
effect, if any, in a combat environment.

Division researchers began a thorough investigation that presented
numerous challenges, such as deriving an accurate, useful quantitative
expression for the effect of coatings on see-through helmet visors, and established measurement procedures that would accurately
determine if the physical quantities involved would behave as described mathematically. Additionally, after receiving pilot
confirmation that the laboratory results correlated with field performance, the researchers applied the field test results with respect
to a pilot’s ability to find, fix, track, identify, and maintain target identification and location during combat air maneuvers.




Distributed Mission
Operations Effectiveness

Payoﬁ The Human Effectiveness Directorate Warfighter Training Research Division's Training Systems Technology Team is
providing valuable data to Air Combat Command (ACC) relating to the design and application of Distributed Mission Operations
(DMO) systems for aircrew training. These data substantially enhance the effectiveness of DMO systems for fighter pilots and air
weapons controllers by identifying the tasks and missions best suited for DMO, defining the system capabilities required for effective
distributed training and creating a strategy for developing future training programs using DMO.

Research using DMO for Flight Leader Upgrade, Instructor Pilot Upgrade, and Fighter Weapons Instructor Course training programs
is demonstrating the return on investment realized through the effective integration of learning objectives-based DMO syllabi with
existing operational academic and live-flight aircraft training.

Accomplishment structured interviews with F-16

instructor pilots and unit commanders indicated that many
mission-qualified pilots lacked recent experience in four-ship
tactics due to high cost, scheduling difficulties, constrained
airspace, and very limited availability and interactions with
Airborne Warning and Control System (AWACS) controllers.
The directorate’s Training Systems Technology Team
developed and tested DMO training syllabi and measurement
methods that augment live-flight aircraft training with high-
fidelity, multiplayer simulation.

The training research syllabi involve the four-ship, F-16
DMO test bed, located in Mesa, Arizona, integrated with the
AWACS simulation facility, located at the directorate’s site at
Brooks City-Base, Texas, and the constructive integrated air defense system developed and operated by the Air Force Information
Warfare Center, Kelly Air Force Base, Texas. With the support of ACC’s DMO office, the directorate conducted training exercises
for mission-qualified F- 16 pilots, supported by an instructor pilot and AWACS controllers.

Results demonstrate that complementing aircraft training with DMO enhances warfighter proficiency and reduces the need for
repeating training flights at the home unit. In addition, the Fighter Weapons School syllabus served as the initial test and validation
for new F-16 weapons employment standards implemented in the school. Validation in the Mesa test bed resulted in significantly
more rapid evaluation and adjustment of the standards than possible, using live flight alone.

Background The Air Force’s DMO program is a major advance in ground-based training that allows pilots and other
warfighters to train for complex, multiplayer combat operations using a network of flight simulators and other systems. DMO is
a shared training environment comprised of live, virtual, and constructive simulations that allow warfighters to train individually or
collectively at all levels of war.

DMO allows multiple players at multiple sites to engage in instructionally valid training scenarios designed to focus on individual,
team, and intra-team competencies development and refresher training within a realistic combat-oriented environment. DMO
allows participation, using almost any type of networkable training device, from each weapon system and mission area.



Improved Laser Eye Protection Receives
Safe-to-Fly Recommendation

Payoff Newly developed laser eye protection (LEP) stops a second visible threat wavelength to operational aircrews in addition
to the far red and wideband near-infrared laser protection provided by previously fielded LEP

Accomplish Ment The Human Effectiveness Directorate Directed Energy Bioeffects Division's LEP Team rapidly responded
to an immediate operational need from the Air Combat Command Vice Commander (ACC/CV) to provide time-critical data, data
analysis, and conclusions critical to obtain an unrestricted safe-to-fly (STF) recommendation for new, more capable LEP devices for

the warfighter. The LEP team’s quick response resulted in a provisional STF recommendation within a month and an unrestricted
STF within 4 months of an ACC/CV tasking.

Background in August 2002, ACC identified an immediate
need to expedite laser protection for aircrew and sensors.
After presenting various options, ACC asked the directorate to
accelerate ACC and Air Mobility Command aircrew evaluations
of an improved LEP designed, developed, and demonstrated by
the directorate. The improved LEP provides protection from a
second visible threat wavelength.

ACC selected two formats for accelerated evaluations: (l)
conventional spectacles for aircrew not requiring vision correction,
and (2) clip-on articles for wear over aircrew-issued spectacles for
those who do require vision correction.

Within a month after receiving the go-ahead from ACC, the
directorate’s military and contractor team collated, analyzed,
and delivered resuits of laboratory data on physical, optical, and
human visual performance of “Block 0+ LEP, an enhanced version of the current Block O LEP, to the 31 | Human Systems Wing (HSW)
Program Office in support of a provisional STF recommendation. The scientific data was of such quality that the 3| | HSW immediately
issued a provisional STF recommendation for wear of Block 0+ LEP while they accomplished final aircrew in-flight evaluations.

The directorate’s contractor and government team accomplished final simulator, ground, and in-flight evaluations of Block 0+ LEP
with C-17 and F-15E aircrews and provided the final data package and analysis to the 31 | HSW. The C-17 and F-15E aircrews of the
437 and 315" Airlift Wing and the 4" Fighter Wing most frequently rated Block 0+ LEP either “highly” or “very highly" acceptable
and never “unsafe to fly.”



Human Effectiveness Study Helps Improve
USAF Information Warfare Flights

Payoﬁ A recently completed baseline study of US Air Force information warfare flights (IWF) highlights IWF issues and
requirements and provides input to improve existing IWF procedures and requirements.

Accomplishment The Human Effectiveness Directorate
conducted a baseline study to gather data to help the Air Combat
Command, Air Intelligence Agency, and directorate researchers gain
an understanding of IWF's missions, roles, and personnel. The study
helped capture critical decisions, position-specific requirements, and
internal/external coordinating agencies, and it included step-by-step
procedures for many of the IWF positions.

The directorate used the data to aid the development of information
warfare (IW)-related technologies for refining IW training requirements,
standardizing [WF procedures, and creating criteria for the Air Force
Inspection Agency’s management reviews and inspections. The IWF
data collection effort, including the task checklists, also received general
officer-level praise and recognition.

Background The data collection consisted of two phases conducted at five continental US and outside-continental US
IWFs. Results of the study provided input to improve existing IW tactics, techniques, and procedures; operational requirements
documents; and IW system requirements, specification, and design documents. Additionally, the task diagrams evolved into task
checklists, providing focus and guidance and prompting action for information operations planners during contingencies and
exercises.



New Visor Offers Clear Improvement

Payoff A newly developed visor for flight helmets permits aircrew members to vary the visor’s tint from |5-65% simply by turning
aknob. The visor can also adjust itself automatically as lighting conditions change and operate for many hours off of a small battery. This
unprecedented capability will allow pilots to optimize their vision and enhance the visibility of helmet-mounted displays (HMDs).

Accomplishment Researchers and engineers within the
Human Effectiveness Directorate’s Visual Display Systems Branch
conducted a Phase I| Small Business Innovation Research project with
AlphaMicron, Inc. of Kent, Ohio, and developed a visor for the HGU-
55/P flight helmet that varies its tint electronically.

Although the visor’s original purpose was to increase the contrast
of HMD images under bright daytime viewing conditions, it is also
useful as a stand-alone alternative to conventional, fixed-tint visors.
Commercial applications of the technology include sunglasses, ski
goggles, and visors for motorcycle helmets.

BaCkgl'Oll“d The new visor uses a thin layer of liquid crystals to control the orientation of dichroic dye molecules. This
design provides fast switching speed, high optical quality, a wide array of available tints, and allows the visor to revert to its lightest
tint state if power is lost.

< SBIR/STIR



Simulator Study Helps Validate
Safety of PRK for Aircrew

Payoff The Air Force (AF) Surgeon General desired a test to determine whether photorefractive keratectomy (PRK) surgery
could obtain refractive correction without impeding visual processing of static and dynamic stimuli in low-contrast and glare
conditions. Since haze and glare effects may evolve over time, a meaningful test was needed to accommodate a longitudinal
evaluation. Scientists at the Human Effectiveness Directorate employed a simulated cockpit to validate visual performance of
aircrew after PRK laser eye surgery. Results of this study contributed to the AF Surgeon General’s continued approval of PRK to
correct myopia and astigmatism in aircrew.

ACCOmpliShment Directorate researchers combined three visual performance experiments, using laser and broadband
glare in the simulator, with other specialized tests measuring visual performance under aerospace conditions to answer the AF
Surgeon General's question concerning aircrew safety after undergoing PRK. The simulator study helped validate the visual
performance of aircrew under operational conditions after PRK.

Background The United States Air Force (USAF) has an
ever-increasing number of aircrew requiring the use of spectacles
for flying duties. Spectacle wear can create some significant
compatibility issues with the unique life-support systems that
are essential for survival in the aerospace environment.

For over a decade, the AF Surgeon General has approved soft
contact lens for aircrew, but not all aircrew members can wear
soft contact lenses. PRK is another alternative to spectacles and
soft contact lenses and may offer some distinct advantages in
operational situations.

The USAF had concerns about the aeromedical and operational
effects of laser surgery on the cornea. Other types of refractive surgery, including surgical keratoplasty procedures such as radial
keratotomy, have resulted in corneal haze, diurnal refractive instability, excessive ocular glare, and change in prescription following
prolonged exposure to altitude.

Standard visual acuity tests, which still comprise the primary basis for accession and retention in the military, may underestimate or
completely overlook the potential threat from corneal haze and ocular glare. This indicated a need for new tests to evaluate the
potential duty impact on the USAF.
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Laser Range Management Software
Fielded at Over 45 Ranges Worldwide

Payoff The Human Effectiveness Directorate’s Optical Radiation Branch at Brooks City-Base, Texas, built a Laser Range
Management Software (LRMS) system that allows for safe, realistic engagement with directed energy systems. LRMS combines
technology and military combat tactics to identify laser surface danger zones on digital terrain range maps. The software provides
operational planners the capability to develop missions that integrate the use of safe combat laser tactics.

Accomplishment The LRMS, running from a personal computer, calculates the laser surface danger zone (LSDZ), allowing
aircrew to receive the most realistic laser delivery training. It provides visualization of LSDZs to avoid overlap of endangered species
sanctuaries, manned positions, and/or uncontrolled land on a two-dimensional
terrain map. Aircrew can effectively use laser designators and illuminators without
fear of inadvertent injury to themselves or ground personnel. LRMS provides
LSDZs for ground-to-ground and air-to-ground laser engagements so aircrews
can also train with ground-forward air controllers who designate and illuminate
targets. The software has also provided a basis for future research developments
in advanced risk analysis.

LRMS is utilized at more than 45 Department of Defense ranges worldwide. The
software is also used to perform more effective and efficient laser range safety
surveys. LRMS reduces the size of old hand-drawn range LSDZs with greater
accuracy and saves the range community $70K a year in laser range analysis time.
Savings are increased with the continual creation of additional training ranges and
drastic modifications to current ranges. During the past |0 years, the cost and time
to complete a range survey has been reduced by about 40%.

Backgrou Nd The use of military and commercial laser systems has grown rapidly during the last few years. Military lasers
used by friendly forces provide a significant advantage in accomplishing military missions. Laser designators are a significant force
multiplier that reduces the risk to aircrew and materiel. Laser illuminators and pointers allow aircrew, special operations, tactical
ground personnel, and others to identify targets, enhance survivability, and reduce risk in combat. Effectiveness in combat requires
realism in training.

A software solution was needed to help the range users train as they fight, using laser target designators for precision-guided
weapons. In addition, the software must allow for the effective planning of range usage and quick-test mission safety planning as
well as to act as a training tool for laser safety.



Visionary Technology Demonstration
Supports Synchronized Air Force Operations

Payoff Demonstration of integrated information extraction, sharing, and presentation technologies provides vision for
synchronized Combat Air Force (CAF) and Mobility Air Force (MAF) operations.

Accomplishment A joint Electronic Systems
Center (ESC), AFRL, Air Mobility Command (AMC), and Air
Combat Command (ACC) Team, with support from the Air
Force Command and Control & Intelligence, Surveillance,
and Reconnaissance Center (AFC2ISRC) and the Air Mobility
Battle Lab (AMBL), conducted a demonstration that showed
enhanced Air Force operations by providing command and
control, and aircrew common situation awareness and
proactive problem identification/resolution  capabilities
in accordance with the Global Strike and Global Mobility
Concept of Operations (CONOPS). This effort was called
the Global CONOPS Synchronization Demonstration.
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The Human Effectiveness Directorate’s Global Air Mobility Advanced Technologies, along with the Information Directorate’s
Integrated Flight Management/Advanced Technology Demonstration and Portable Interactive DataWall software and display
technologies, played a central role in this demonstration. They provided new capabilities and efficiencies in information processing
and flow, innovative visualization, common situation awareness, proactive problem identification, and support for rapid resolution
to all command and control nodes and simulated aircraft.

BaCkgl'()u N Major General Craig Weston of ESC, tasked ESC to develop a visionary demonstration that would highlight
the operational benefits of improved interoperability between MAF and CAF Command Centers and airborne aircraft. A joint ESC,
AFRL, AMC, and ACC Team, with support from the AFC2ISRC and the AMBL, built and conducted a demonstration based on a
Global Strike mission scenario involving a B-2 bomber mission launched from the continental United States.

The B-2 bomber rendezvoused with multiple MAF tankers en route to the targets. Events en route (such as Notices to Airmen,
changing weather, airspace restrictions, and retargeting) required rapid replanning and retasking capabilities. Communications and
information presentation technologies enabled the synchronous coordination and retasking of both airborne assets and ground-
based command and control elements.



Real-Time Weather Management
Information Demonstrated

Pﬂ)’ﬂﬁ The Human Effectiveness Directorate and the Air Mobility Battle lab demonstrated the ability to proactively identify
real-time problems due to changing weather conditions and provide that information directly to in-flight operators and aircrew. The
directorate developed software called the Work-Centered Support System for Global Weather Management (WCSS-GWM), which
was loaded onto an electronic kneeboard and used for the demonstration. The demonstration was provided to various Electronic
Systems Center and Air Mobility Command (AMC) senior leaders.

ACCﬂmpliShment The WCSS-GWM was developed under the Global Air Mobility Advanced Technologies program. The
system was customized for an electronic kneeboard to demonstrate critically needed real-time weather management capabilities
for in-flight aircrews.

Background The wcss-GwMm
software already provided AMC's
ground-based command and control
(C2) operators the ability to anticipate
and resolve potential impacts on
missions due to changing weather
conditions. The electronic kneeboard
was developed under the Air Mobility
Battle Lab’s Real-Time Information in
the Cockpit initiative. An electronic
kneeboard is a tablet-based computer
that is envisioned to replace the paper-
based kneeboard currently used by
military pilots.

The demonstration used the WCSS-GWM software, electronic kneeboard hardware, and a simulated ground-to-air link, which
reflect the typical communications link between ground-based C2 nodes and AMC aircraft. The demonstration illustrated how
this combination could be used to proactively identify and simultaneously alert AMC's C2 personnel and aircrew of “pop-up”
weather hazards. Additionally, airfield weather conditions and forecasts, as well as relevant Notices to Airmen information, were
sent to the electronic kneeboard to enable C2 operators and aircrew to rapidly identify problems and jointly carry out necessary
replanning actions.




Air Force Communications Enterprise
Management System

Payoff The Information Directorate’s Air Force
Communications  Enterprise Management (ACEM) ACC Comm Enterprise Status
system provides a tool to display high-level status of the
entire communications enterprise, the overall status
of a mission’s communications enterprise, and the
communications status for each of the mission’s functional
areas.  The ACEM manages data networks (routers,
servers, hosts) and communications systems that are not
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into the communications enterprise for any level of
interest. The ACEM alleviates the current “stovepiping”
of communications management and control tools by taking status information from these tools, consolidating and translating the
information, and presenting overall communications status in an operational context, thus allowing personnel to know the operational
impact of communications faults and attacks.

Accomplishment The ACEM builds comprehensive enterprise awareness by collecting information from existing tools
as well as directly from information provider (IP) devices when needed and from non-IP devices. The ACEM's decision support
function then allows the translation of this pool of technical data into relevant, mission-oriented views that are scalable from a Major
Command perspective to a functional support concern (logistics) and even to an individual unit's area of interest.

The ACEM provides situational awareness of the entire communications enterprise and translates technical status information into
a view of each organization's (Operations, Headquarters, Medical, and Support) communications health. This allows prioritized
restoration of service and the best possible quality of service.

An ACEM server can obtain specific technical status information from each communications management tool and combine that
with other ACEM status information to determine and present communications enterprise status in an operational, mission-oriented
context. The ACEM objective is to allow anyone from the commander to the shift worker to access the communications status and
the operational impact of faults and attacks.

Background The ACEM completed an operational demonstration at the Air Combat Command Network Operations
Security Center, where it received and translated status information from the unclassified but sensitive Internet Protocol Router
Network, the secret Internet Protocol Router Network, and non-IP devices. Currently, the directorate is integrating ACEM with
the Multi-Domain Network Manager (MDNM), the Master Caution Panel (MCP), and the AF Enterprise Defense (AFED) to form
the Command and Control Enterprise Management System (C2EMS).

The MDNM builds an integrated network management capability across multiple security domains (unclassified, secret, top
secret, sensitive compartmented information, coalition). MCP provides situational awareness of command centers and application
programs. The AFED provides intrusion detection and network defense. The C2EMS will provide situational awareness of the

status of the entire C2 enterprise.
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Flight Demonstration Showcases (2
Interoperability and Real-Time Collaboration

Payoff The Information Directorate, along with Boeing Phantom Works, recently concluded a successful flight demonstration
of emerging information technologies that enable enhanced interoperability and real-time collaboration among command and
control (C2) and strike platforms.

Accompllshment This new technology, developed under the Weapon System Open Architecture (WSOA) program
(managed by the directorate), demonstrated advances in both C2 and strike platforms’ ability to operate within a network-centric
environment. Directorate engineers conducted the flight demonstration using Boeing’s F-15E | Advanced Demonstrator and a 737
Avionics Flying Laboratory.

The directorate’s new technology transferred pictures of targets and updated threat locations within a minute from the 737 to
the F-15E. A joint tactical terminal on the 737 provided satellite communication input for part of the simulated time-critical target
scenario.

The WSOA program provides an open system architecture bridge across
multiple legacy platforms to support timely, efficient transmission of
situational-awareness information. The WSOA architecture leverages
commercial middleware technologies and adaptive resource management
technologies, developed by the Defense Advanced Research Projects
Agency’s (DARPA) Quorum program and the directorate, to increase
interoperability over emerging tactical data links such as Link-16.

During the flight, Boeing illustrated both imagery support and the
ability for C2 and fighter aircraft to share data in real time in order
to retask en route strike forces in response to changes in mission
priorities such as time-sensitive targets. Boeing also demonstrated full
imagery downloads over Link-16 in less than a minute.

During the demonstration, Boeing passed target imagery, threat locations, and routing information to the F-15E. The F-15 weapon
systems officer selected and downloaded target images and collaborated with the C2 operator by annotating over a common
battlespace view to identify and attack the target.

Background The Air Force originally awarded the WSOA contract in 1999 to Boeing Phantom Works and its partners—
Washington University of St. Louis, Missouri; BBN Technologies; and Honeywell. The directorate’s Embedded Information Systems
Engineering Branch manages the contract, sponsored by the Computer Resources Support Improvement program, DARPA, Open
Systems Joint Task Force, and the Joint Tactical Terminal Program Office.




Information Directorate Helps Develop the
WAVE of the Future for Exploitation
of Weather Prediction Data

Payoﬁ As any warfighter can tell you, weather can be your best friend or an absolute mission breaker. To address the weather
issue, the Information Directorate helped develop a standardized Web-based interface between warfighter applications and a
weather information service, using Internet hardware and software technologies. Weather Access for Visualization and Exploitation
(WAVE) allows warfighters to incorporate weather forecasts directly within their computer-assisted, decision-making processes.

Accompllshment Decision-quality weather data is available, but not readily accessible, to decision-support applications. The
process involves manual input, mental ingestion, translation, and exploitation, and it is cumbersome, slow, and error-prone.

Directorate personnel, working with the Command and Control Battlelab, Northrop Grumman Information Technology, and the
Defense Information Systems Agency-chartered Joint Naval Meteorology and Oceanography Command (METOC) Data Standardization
Working Group, facilitated the adoption of a Department of Defense Joint METOC Broker Language. This application programming
interface (API) allows warfighter applications to automatically
obtain numerical weather prediction data, produced and stored
within the military weather weapon system.

WAVE s exploiting the new extensible markup language web
service technology to provide warfighter applications with
access to numerical weather prediction data available within the
new Joint Weather Impacts System Environmental DataCube
(EDC). The EDC is a by-product of the directorate’s Joint
Environment Exploitation Segment program.

Warfighter applications requiring numerical weather forecast
data can request data from WAVE. WAVE parses the request,
retrieves the desired data from the EDC, packages the results,
and sends the reply to the requesting application.

Background The attributes and object structure of the API, designed by the WAVE program, were fully accepted. Prior to
WAVE, there were no definitive plans to design or define a common API. Now, however, the Department of Defense is well on its
way towards using a standard. As a result of implementing the standard and the attendant Web-service technologies, warfighters
can visualize and exploit weather prediction data within their decision-support applications.



All-Purpose Remote Transport
System Supports Force Protection and
Active Range Clearance Activities

Pa)’()ﬁ The All-purpose Remote Transport System (ARTS) provides the warfighter with a robust suite of tools to accomplish
force protection and active range clearance activities. It allows the warfighter to stay out of harm's way since no human is onboard.
All of the ARTS components are commercial off-the-shelf items designed to withstand intense conditions.

The vehicle's components allow technicians to make quick and inexpensive repairs when damage does occur and move the vehicle
control computer and software package from one vehicle platform to the next, reducing duplication of effort while maximizing
commonality across all platforms. The removal of the operator from the hazard area also reduces the requirement for expensive
and bulky armor plating.

Accomplishment Engineers at the Materials and Manufacturing Directorate developed a low-cost, survivable platform
capable of remote operations in a variety of mission profiles. ARTS, developed in cooperation with Headquarters Air Combat
Command and the 99 Civil Engineering Group, Nevada Test Range, already established its value during range clearance operations
and demonstrated great potential for success in force protection, fire fighting, natural disaster cleanup, inclimate weather operations,
range remediation, and active range clearance.

Background Following the tragic incident at Khobar Towers in June 1996, Air Force officials identified a need for the ability
to safely remove or disable terrorist bombs. Systems used at this time were too small to remove these improvised explosive
devices or disable weapons of mass destruction in such incidents, so the directorate’s Airbase Technologies Division began working
on alternatives.

The division's Robotics Research Group, part of the Office of the
Secretary of Defense Joint Robotics program, coordinates the Air
Force effort to develop robotic technologies and systems that
provide land forces with highly mobile, multi-mission, unmanned
ground vehicles to achieve leap-ahead capabilities across a wide
spectrum of mission challenges. With the support of a contract team,
the directorate immediately sought to develop technology to respond
to these critical real-world situations.

The ARTS is a modified version of a standard light construction
tractor, the Posi-Track™ MD70, manufactured and distributed by
All Season Vehicle, Inc., Grand Rapids, Minnesota. The platform
has a four-cylinder, liquid-cooled diesel engine that delivers power to the 18-inch wide, Kevlar-reinforced rubber tracks through a
dual hydrostatic transmission. The tracks have over 3,000 square inches of contact area, resulting in ground contact pressure of
approximately 2 pounds-per-square-inch. This vehicle profile allows for a low center of gravity and light footprint, which makes
the rugged and reliable vehicle the perfect candidate for range operations by minimizing forces that could detonate sensitive
munitions.

The Air Force has seen significant success for ARTS, as explosive ordnance disposal specialists have used it for unexploded ordnance
clearance and remediation. The Air Force currently operates several active bombing ranges where pilots train by dropping advanced
and lethal anti-armor/antipersonnel weapons.



Materials and Manufacturing Directorate
Engineers Brief American Air Forces

Payoﬁ The logistics officers who attended weeklong logistics conference briefings are better informed and more adequately
prepared to handle aging aircraft issues facing their nation’s armed forces. They have a greater understanding of current and
emerging technologies available from the US Air Force and AFRL. The knowledge and information imparted through the briefings
will strengthen the defense of the Western Hemisphere, foster trust and respect for the Materials and Manufacturing Directorate,
and help build strong professional relationships among the participating nations.

ACCOmp“Shment Directorate engineers briefed senior Air Force logistics officers from |8 North, Central, and South
American countries, including the United States, Canada, and Mexico, on aging aircraft and available technologies to keep them
flying. Directorate engineers translated their briefings from English into Spanish since most of the officers speak Spanish.

Background General Thomas D. White, the US Air Force chief of staffin 1961, conceived the idea to gather the commanders
of the American Air Forces to strengthen friendly relationships and plan an effective professional cooperation system. The Air Force
held the first conference in April 1961 at Randolph Air Force Base (AFB), Texas and in Washington DC under the heading Conference
of the Chiefs of the American Air Forces, or CONJEFAMER, derived from Spanish—the conference’s official language.

The commanders of the American Air Forces approved the
acronym SICOFAA for the System of Cooperation among the
American Air Forces in 1965 during the fifth CONJEFAMER
gathering. Today, member nations know SICOFAA as the
Constitutional Charter of the System of Cooperation among
the American Air Forces. Membership in SICOFAA is voluntary,
and there are currently 18 member Air Forces including the US
Air Force.

CONJEFAMER, the annual decision-making conference that
provides direction to the SICOFAA and implements the spirit
of cooperation within the system, constitutes the ideal forum
for the study of subjects of professional interest to the majority
of its members. Because it brings together the highest military
authorities from each of the member and observer American Air
Forces, CONJEFAMER iis the highest level meeting within the
SICOFAA. The scope of the CONJEFAMER includes discussions and commander resolutions related to the organizational structure,
missions, objectives, and functions of SICOFAA and its eight operational committees.

Mr. Bruce Rasmussen and Mr. Juan Calzada, of the directorate’s Metals, Ceramics, and Nondestructive Evaluation Division; Mr. Steve
Gerken, Mr. George Slenski, and Mr. Robert Ware, of the Systems Support Division; 2 Lt Brian Smith and Mr. Mick Hitchcock, of
the Manufacturing Technology Division; and Ms. Sally Chaney, of the directorate’s Integration and Operations Division, played key
roles in CONJEFAMER's first annual Logistics Committee Conference at Wright-Patterson AFB, Ohio.
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Powerful Digital X-ray Flat-Panel Detector
and Software Transitioned to 0C-ALC
for NDI Production Use

Payoff Digital X-ray flat-panel detector technology offers significant advantages over image intensifier systems because it
exhibits higher resolution capability due to its enhanced software imaging tools and small size. This improves an inspector’s ability
to find anomalies in the captured image.

Accomplishment Engineers from the Materials and Manufacturing Directorate and the Aeronautical Enterprise Program
Office (AEPO) transitioned a new high-resolution digital X-ray flat-panel detector system and its image processing software to
Oklahoma City Air Logistics Center’s (OC-ALC) Advanced Composite Repair Center Real-time X-ray Inspection facility. Funded
by AEPO, OC-ALC non-destructive inspection (NDI) personnel will use this detector system for real-time and static radiographic
production inspections of B-1, KC-135, E-3 horizontal and vertical flight control surfaces and B-| structural control vanes. This
system provides image archiving capability, enhanced performance, improved productivity, and best of all, higher resolution and
sensitivity than previous digital detector systems.

Background NDI inspections are important because they eliminate
the need for unnecessary maintenance and aircraft disassembly, which are
time- intensive and can potentially create additional damage and problems oy
in these Air Force systems. These inspections also pinpoint specific locations <~ XRayDetector
requiring maintenance actions. Therefore, better NDI systems can yield huge " /

maintenance and cost savings for the Air Force.

X-ray radiography is an important NDI technique used to evaluate parts and N Test Standard
assemblies for integrity during aircraft component manufacturing. Inspectors
also use X-ray inspection in the maintenance of aging aircraft to inspect
structures and honeycomb cores for damage, internal moisture, corrosion,
and to evaluate intricate internal geometries in turbine engine components
for cracking and inclusions.

Under a contract with AEPO and the directorate’s Nondestructive Evaluation Branch, Marietta X-ray, Inc. (MXRI) evaluated and
assessed the performance of various commercial off-the-shelf hardware and software systems from several X-ray detector platforms
using aircraft components. MXRI evaluated the General Electric (GE) DXR-250RT flat-panel detector system and GE Radworks 5.1
imaging software and selected them to meet the inspection requirements of OC-ALC.

The system'’s transition also marks the completion of the third phase of the Digital Radiography Insertion Program (DRIP). The DRIP

program focuses on transitioning digital radiography technology to address specific Air Force depot applications and improve NDI
depot production capabilities and productivity.




Lean Value Chain Success Relieves
Critical Part Shortage

Payoﬁ At Oklahoma City Air Logistics Center (OC-ALC), the number of rotor overhauls the center could accomplish increased
from 84 per month to 156 per month, while the average critical part resolution time decreased from 143 days to 61 days. At the
Corpus Christi Army Depot (CCAD), helicopter engine overhauls increased from 10 per month up to 40 per month, while the
engine cycle time through the shop decreased from an average of 326 days to just 176 days.

Management can now immediately identify inventory shortages with greater flexibility in scheduling subsystem overhauls. Lean
Value Chain (LVC) improves visibility of aircraft status and forecasting capability, and better information allows for more effective
management decisions. LVC also produced significant reductions in the number of critical parts, time wasted searching for parts,
part inventories, and holding costs.

Accomplishment The Manufacturing Technology
(ManTech) Division of the Materials and Manufacturing
Directorate, in cooperation with KBSI, Inc. of College Station,
Texas, developed an LVC program that has dramatically
decreased critical part shortages for Air Force and Army
depots. LVC's goal to reduce critical part resolution time
by 50% was exceeded, improving the mission readiness of
Air Force aircraft that use General Electric (GE) F100 series
engines and the Army’s Blackhawk helicopters by returning
them to service from routine depot maintenance faster than
before.

Increasing the mission readiness of weapon systems needed
by the warfighter is the greatest payoff from the LVC
program, but it is not the only one. In addition to the rate
increase in rotor and helicopter engine overhauls, a significant cost savings was achieved. At OC-ALC, a 52% reduction in the number of
rotor repair kits on-hand (from 436 to 208) resulted in an approximate $25 million one-time savings plus $4.5 million per year in recurring
savings.

Background Management procedures for the repair parts’ inventory proved inefficient at the OC-ALC and the Army’s
CCAD for helicopters. Critical part resolution time in the OC-ALC GE rotor repair shop increased to an average of more than
140 days. A critical part is any component, when unavailable, that stops the repair of a major weapon system subassembly, keeping
that system out of action. Parts were critical for reasons like sole-source contract negotiation delays, delayed deliveries from the
Defense Logistics Agency, and increased part condemnation rates due to age.

These issues meant the depots were unable to anticipate and identify critical parts in advance; determine the best course for
timely, cost-effective critical part resolution; and monitor and accelerate the critical part resolution process. In response to this
situation, ManTech funded the LVC for Critical Part Procurement project and received support from OC-ALC and CCAD. The
implementation of lean principles, re-engineered processes, and advanced technologies through largely computer-based resolution
strategies proved to be the solution, since they provided a more efficient method of running the depot operation.
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Researchers Develop High-Performance,
Metal-Polymer Hybrid Signal Wiring for
Aircraft and Spacecraft

Pﬂ)"Oﬁ To date, researchers have successfully demonstrated the ability to combine high-strength, high-temperature polymer
fibers with conductive metal precursors, resulting in the conductive, flexible, lightweight, and durable fibers needed to produce
polymer signal and shielding wires. This technology demonstrates 300% strength and 50% weight advantage over copper wiring.
Thus, polymer wiring shows significant potential for applications where flexibility, weight savings, and mechanical durability could
increase the life, while reducing maintenance and costs associated with commercial and military aircraft and spacecraft.

Accomplishment Engineers at the Materials and Manufacturing Directorate, working with Syscom Technology, Inc. and
Boeing under an Air Force Small Business Technology Transfer program, have developed a conductive, lightweight, mechanically
robust polymer-based wire. Manufacturers could use this wire as an alternative to thin copper signal wire, and it may have other
uses such as an alternative to aluminum braid wiring for electromagnetic interference (EMI) shielding for aircraft and spacecraft.

Background A typical Air Force bomber or transport aircraft has nearly 150 miles of power and signal wiring. In order for
aircraft components to remain functional, wires within the system must be conductive and robust.

Aircraft maintenance workers have noticed the wiring commonly used in an aircraft's EMI shielding and signal-processing
components can lose ductility and conductivity over time. Complicating matters further, insulation damage and corrosion result
from heat generated by aircraft systems and exposure to fluids. Any malfunction within an aircraft’s wiring could require untimely
maintenance and impact mission readiness.

Directorate engineers are developing advances in preventative
maintenance, interconnecting technologies, and new materials
to meet the challenges associated with aging wiring and aircraft.
Syscom Technology, Inc., along with Boeing-Phantom Works, has
developed an alternative metal-polymer hybrid wiring.

The matrix material is a polymer fiber called poly p-phenylene
benzobisoxazole (PBO), and Syscom prepares PBO from a
nematic liquid crystalline solution. Syscom electroplates the high-
performance polymer fibers with silver, copper, and nickel to form
a high-strength, low-resistance, metal-polymer hybrid wire.

Syscom engineers developed the processing scheme, which is
adaptable to large-scale production, and already produced 1,500 ft of
the fiber. Directorate engineers are conducting a materials analysis
to characterize the physical and electrical properties of the polymer
wiring.
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Engineers Develop First Response
Expeditionary Fire Vehicle

Payoff The Materials and Manufacturing Directorate-developed First Response Expeditionary (FRE) fire vehicle bridges the
g P P p ry g

gap between flight line fire extinguishers and full-sized crash and rescue fire trucks. The FRE vehicle is ideal for small aircraft and

helicopter crashes, for hot pit refueling, and for tent city or deployed-base fire protection.

Directorate engineers designed the FRE vehicle to provide firefighters with a quick-reaction capability to extinguish small aircraft or
structural fires before they become uncontrollable. Users can operate the vehicle with minimal training or experience. The FRE
system is virtually maintenance free and is adaptable to a wide variety of mission profiles and vehicle platforms. In addition, the FRE
vehicle occupies minimal pallet space on a cargo aircraft and offers reduced water requirements and equipment weight.

Accomplishment Directorate engineers have developed a deployable, lightweight vehicle that provides crash and rescue
firefighting capability in a variety of mission profiles. The FRE fire vehicle, developed to meet Air Combat Command (ACC) and
Civil Engineering requirements, has already established its value during Operation IRAQI FREEDOM when ACC deployed several
of the units to protect helicopters, aircraft, tent cities, and other bare base operations.

Background The P-19 firefighting vehicle, using aqueous film fighting foam, is the standard fire truck usually deployed to remote
locations for firefighting purposes. However, the P-19 is most effective in extinguishing two-dimensional (2-D), or pool, fires. Many times,
pool fires become 3-D when fed by fuel or another flammable liquid coming from an aircraft’s damaged fuel or hydraulic lines. This
phenomenon makes the fire extremely difficult to extinguish.

In response to an urgent need for an easily operable, lightweight, air transportable, highly effective firefighting system, engineers at
the directorate’s Airbase Technologies Division, developed a system capable of effectively and successfully fighting both 2-D and 3-D
hydrocarbon fuel fires.

The FRE vehicle consists of a Rosenbauer ultra-high-pressure
water system with a 2-cylinder, 22-horsepower Briggs and
Stratton engine and 1,500 pounds per square inch of pressure
pump. The 60-gallon system provides |4 gallons per minute of
foam/water to the aspirated/nonaspirated nozzle, which delivers
the firefighting agents in either a mist, stream, or aspirated foam.
The unit, fabricated by directorate engineers, uses a John Deere
military gator as its vehicle platform.

Directorate engineers made several modifications to the FRE
system to increase its effectiveness. These changes include
modifying the original nozzle design to combine aspirated and
nonaspirated foam functions, increasing the engine size to accommodate a higher flow rate, exchanging the foam tank for a standard 5-gallon
foam can, adding a sump pump to draft water from alternative sources, and adding a | kW generator to operate additional tools.

The directorate delivered six prototype units to ACC and to the US Central Command Air Forces. They plan to provide two more units
to the Air Force Special Operations Command. The directorate is transitioning this technology to Rosenbauer America, who will make the
system available for additional fire protection and crash and rescue efforts.
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Engineers Rapidly Prototype and Develop
Airborne Engineer All-Purpose Remote
Transport System

Payoff The Airborne Engineer All-purpose Remote Transport System (AE-ARTS)
is a low-cost, survivable platform that augments explosive ordnance disposal (EOD)
so personnel can easily, safely, and effectively clear unexploded ordnances (UXOs)
and other debris from training ranges, air fields, and threat areas. AE-ARTS provides
users a robust suite of tools with which they can accomplish force protection and
active range clearance activities.

Accomplishment Working with Applied Research Associates, Inc., engineers from the Materials and Manufacturing
Directorate modified the standard ARTS platform to support new requirements of the AE. The directorate rapidly prototyped,
developed, and delivered the AE-ARTS to Headquarters Air Combat Command’s
Airborne Engineering Teams during Operation IRAQI FREEDOM for EOD, active
range clearance, and debris-clearing activities.

Directorate engineers configured the AE-ARTS with new attachments including the
Harley Box Rake and a remotely operated Enhanced Standoff Munitions Disruption
system to dispose of small UXOs. The directorate developed and adapted a
new laptop Operator Control Unit (OCU) with situational awareness and Global
Positioning System tracking/location capabilities for the system. Each AE-ARTS also
comes with a remotely operated clamshell bucket for clearing larger debris and
obstacles from aircraft and other operating surfaces.

Background Engineers from the directorate’s Air Expeditionary Forces Division developed the first-generation ARTS and
shipped the unit to the Southwest Asia area of responsibility just after Operation DESERT STORM. The first-generation ARTS,
a modified version of a standard light-construction tractor, had Kevlar-reinforced rubber tracks with over 3,000 square inches of
contact area, resulting in ground contact pressure of approximately 2 pounds per square inch.

The vehicle profile allows for a low center of gravity and light footprint, which makes the rugged and reliable vehicle the perfect
candidate for clearance operations by minimizing forces that could disturb a UXO. The VERTEK robotic conversion enables remote
operation of all tractor functions including engine start/stop, propulsion, lights, and tool operation.

The standard configuration includes fixed video cameras and digital radios, which transmit command signals from the OCU to the
vehicle, and an independent transmitter/receiver pair communicates audio and video from the vehicle to the OCU. The standard
ARTS operator control station includes the operator console with command-input device (joysticks and switches) and video
monitor, control station data encoder and transmitter, data and video receivers and antennas, and video/audio recorder.



Materials and Manufacturing Directorate
Researchers Validate Capabilities of
Hydraulic Fluid Purifier, Test Stand

Pil)’ﬂff Hydraulic fluid purification could reduce the source of the Air Force's second largest waste stream by 75 to 90% without
negatively affecting the maintainability of aircraft hydraulic systems. Air Force implementation of purification processes should provide
millions of dollars per year in savings by eliminating procurement and hazardous waste disposal costs.

The Air Force expects additional savings due to the simplification of the life cycle of the fluid and a reduction in quality-assurance testing.
Using cleaner purified hydraulic fluid in aircraft hydraulic systems should improve reliability and extend the life of hydraulic system
components in the aircraft.

ACCﬂmpliShment Scientists and engineers from the Materials and Manufacturing Directorate’s Nonstructural Materials
Branch, recently participated in a collaborative program with program managers at Robins Air Force Base, Georgia; the Aeronautical
Systems Center’s Aging Aircraft and Pollution Prevention offices; and Malabar International to validate a new piece of hydraulic ground
test and support equipment. Researchers verified that the system, a combination hydraulic ground test stand with a built-in hydraulic
fluid purification system, is capable of reducing air, moisture, dirt, and solvent contaminants in used hydraulic fluid to acceptable levels
in the required amount of time, and that used fluid can be reused rather than replaced.

Background Hydraulic fluids are critical safety components of flight
materials for all Air Force aircraft. Hydraulically actuated mechanisms are
responsible for a large number of aircraft functions ranging from highly
sophisticated flight controls to accessory door actuation. The Air Force alone
uses approximately |,500,000 gallons of hydraulic fluid per year, costing more
than $15 million in procurement and disposal costs.

Currently, during routine aircraft maintenance, Air Force mechanics drain
and dispose of used fluid from aircraft and components. Recently, the Air
Force changed the technical order covering hydraulic fluids to allow the
reintroduction of purified fluid from an Air Force-approved purifier into the
aircraft if the aircraft is authorized to use purified hydraulic fluid and if the
hydraulic fluid has been purified.

Malabar International, a company based in Simi Valley, California, developed four similar hydraulic ground test and support purifier
combination systems to meet varying Air Force requirements. Because every aircraft has redundant hydraulic systems, Malabar
developed both two- and three-system test stands.

In aircraft with four hydraulic systems, as found in the B-2, Air Force mechanics can use 2 two-system test stands simultaneously to
accomplish maintenance. To meet varying deployment requirements, they developed separate test stands that run on either diesel or
electricity.

Electromagnetic interference testing of the test stand is the next step towards validation, followed by operational testing and evaluation
of the test stand and purifier. If the tests are successful, Malabar will build and deliver 600 separate systems for the Air Force.



ManTech’s AMP Provides Air Force
Depots a Faster, Safer, Less Expensive
De-paint Method

Payoff The Aerial Multi-axis Platform (AMP) creates a 40 to 50% reduction in the de-paint flow time and a 70 to 100%
reduction in operator stress/injury, which results in a 20% reduction in overall cost associated with production paint stripping on
large cargo airframes like the KC-135 Stratotanker. Using the current Air Force workload of more than 200 aircraft per year, with
an average cost for de-paint of $200,000 per large aircraft, AMP has the potential to save more than $8 million per year.

Accom plishment The Manufacturing Technology (ManTech) Division of the
Materials and Manufacturing Directorate, with the cooperation of private companies
and the Department of Commerce, is developing AMP, a revolutionary new process
for the stripping, or de-painting, of large airframes like the KC- 35 Stratotanker.

BﬂCkgl’OU"d The Air Force process for de-painting (stripping) large airframes, such as a KC-135, C-5, and C-17, has always
posed problems, especially with workers and their equipment accessing every part of the aircraft. The existing equipment used for the
process is difficult and time-consuming to accurately maneuver, causing frequent collisions with the aircraft. Additionally, environmental
regulation changes over time have caused increased blasting time, leading to operator fatigue and increased risk of injury.

ManTech managed and co-funded the program under a cooperative agreement with
US Technology Corporation, a noted leader in advanced de-painting technologies.
US Technology integrated the program, partnering with AeroSystems, a manufacturer
of overhead crane systems who used a technology, called the RoboCrane, developed
at the National Institute of Standards and Technology.

US Technology constructed and installed the prototype unit in a production facility
at Robins Air Force Base, Georgia. They suspended the RoboCrane from existing
hangar ceiling structures by six cables driven by six motorized winches, providing
coordinated motion for the enclosed control booth.

The operator can move the sealed booth in six different directions: up, down, forward, backward, right, and left, reducing flow time
by eliminating ground-based scaffolding, hoses, and other clutter that inhibits efficient movement and access around the aircraft.
AMP will significantly improve the entire working environment of the de-paint program to include required preparation, and de-
paint and de-prep tasks from the RoboCrane. Controlling the multiple (ganged) nozzles of the manipulator with a joystick, the
operator can perform the abrasive blasting on large airframes faster, more safely, and at less cost.



ManTech Savors Initial Flight Test
Success for MEMS-Based IMU in
Precision-Guided Munitions

Payoff The HG-1900 Microelectromechanical Systems (MEMS)-based Inertial Measurement Unit (IMU), chosen for the
NetFires Precision Attack Missile (PAM) program, represents reduced size and weight, needs less power, and is easier to produce
and more affordable than any other existing tactical-grade IMU. This proven IMU is suitable for a wide variety of smart missiles and
munitions of a smaller size, making it more appealing in improving surgical strike capabilities.

ACC()mp"Shment Officials from the Manufacturing Technology (ManTech)
Division of the Materials and Manufacturing Directorate, have scored a huge success in
the joint Air Force/Navy ManTech program—Affordable MEMS-based IMUs for Missiles
and Munitions. The Army High-G MEMS IMU program builds on the success of the
ManTech program by developing a G-hardened MEMS IMU, which will ultimately meet the
performance requirements of 90% of Department of Defense (DoD) tactical munitions
and missiles. NetFires PAM, when implemented, will provide the Army with extended-
range precision munitions for deployable ground forces against hard targets such as tanks
and command and control vehicles.

Specific Army ManTech successes include the transition from the HG-1900 to a high-G
hardened HG-1920, the qualification of a new MEMS foundry, and reduction in overall
piece part count and, thereby, price of the current IMU. By jointly working this program,
the Army takes advantage of early Air Force/Navy successes and advances the MEMS IMU
to DoD-wide applications.

During the 75-second flight, the PAM flew to an altitude of approximately 20,000 ft and successfully executed a number of test
maneuvers using the navigation unit that consisted of the HG-1900 (MEMS-based) IMU, integrated with a Global Positioning System
receiver. The demonstration also included success in updating the missile’s guidance point in mid-flight, resulting in a successful
intercept. With the success of this flight test, the Army’s PAM developer, Raytheon, named the ManTech program’s HG-1900,
developed by Honeywell, as the baseline IMU for the NetFires PAM program.

BaCkgl' 0uNd Manufacturers use micromachining techniques to produce electrically
driven, miniature mechanical structures called MEMS. In the case of silicon-based MEMS, such
as those used in the HG-1900, the manufacturer performs micromachining using standard
integrated circuit (IC) fabrication techniques. This allows silicon-based MEMS to leverage the
existing IC industry, enabling the mass production of precision devices.

The MEMS-based HG-1900 is suitable for a variety of commercial guidance and navigation
systems. A prime goal of the ManTech program has been to develop a MEMS process
that allows for wider adoption and implementation through technology transition into the
commercial arena as well as into additional military applications.




Advances in High-Temperature Composites
Lead to Bleed Air Duct Cover Solution

P'd)’()ﬁ Breakthroughs in high-temperature polymer matrix composites and a legacy of applying advanced composite technology
to solve aircraft structural and service life challenges allowed researchers from the Materials and Manufacturing Directorate to
quickly design an air duct cover to replace the older cover, which was degrading in the B-1B’s high-temperature environment.

Researchers provided a material solution that is lightweight and performs successfully in a high-temperature environment. The new
polyimide wrap is applied as a field-level repair during regular maintenance intervals, and it also provides the Air Force cost savings
over the current practice of replacing the entire air duct structure when degradation in the old composite material threatens the
integrity of the aircraft.

Accomplishment Directorate research scientists and engineers, along with the B-1B System Program Office (SPO) and
Ogden Air Logistics Center (ALC), designed and prototyped a replacement cover for B- B bleed air ducts. The ducts connect the
aircraft’s engine bleed air to a heat exchanger, and the cover is critical to keep volatile fluids from reaching a duct’s hot surface, a
situation that could prove catastrophic to flight operations. The new polyimide shell resolves duct cover degradation problems with
the current duct cover.

Backgrou Nd The basic construction of a B-IB bleed air duct
includes a metal duct structure, which is surrounded by a layer of insulation.
Surrounding the insulation layer is a polymer composite shell made with a
polymide resin. Air flowing through the ducts regularly reaches temperatures
between 800° and 1,200°F The shell is essential to operating the aircraft
safely because it keeps volatile fluids separated from the duct’s hot surface.

B-IB systems’ engineers at Tinker Air Force Base, Oklahoma, contacted
specialists at the directorate’s Advanced Composites Office (ACO) at Hill Air
Force Base, Utah, after they noticed that resin in the cover was deteriorating
at the flanges where the polyimide material tums inward. This deterioration
caused a significant and costly problem for aircraft maintainers because
no repair procedure for the polyimide cover existed, so any duct in poor
condition was condemned or replaced.

After consulting with experts from the directorate’s Nonmetallic Materials Division, engineers at the ACO suggested that recently
developed resin (AFR-PE-4) material characteristics qualified it as a candidate replacement for the degrading polyimide material.
AFR-PE-4, a polyimide class material, is lightweight and has good thermal oxidative stability, which keeps it from degrading or burning
at the elevated temperatures encountered in this application.

An ACO representative visited the directorate at Wright-Patterson Air Force Base, Ohio, to receive technical guidance and hands-on
experience with the AFR-PE-4 material and its processing techniques. Using specific technical data gathered during collaboration
with the directorate, ACO engineers used their expertise to design a new duct cover.

Ogden ALC at Hill Air Force Base, Utah, will manufacture and produce the air duct covers at their unique high-temperature-capable
production facility. The B-1B SPO authored instructions that will enable air force maintainers to apply the new covers as a field-level
repair during the B-1B's regular maintenance intervals.



Dynamic Two-Way Time
Transfer Communications

Payoff Research in time synchronization performed by the Sensors Directorate extends current methodologies, such as
the dynamic two-way time transfer (DTWTT), to airborne platforms using multiple communications scenarios. The specific
implementation of the system lends itself to integration with standard and tactical communication links. It requires limited
bandwidth and provides precise timing information without the need for costly equipment dedicated solely to time recovery.

Accom plishment In conjunction with Timing Solutions
Corporation, the directorate successfully demonstrated a wireless
DTWTT system having the first sub-nanosecond synchronization
between an airborne clock and a reference clock on the ground.
Implementations of the system included using satellite relays and
line-of-sight communication links in the demonstration.

The system is Global Positioning System (GPS)-independent
and a significant step forward for airborne timing users, nearly
doubling current capabilities. Users can insert this technology
into any architecture with communications links.

Backgrou N Static satellite time transfer, operational for nearly 20 years, required a dedicated communications channel.
For approximately 6 years, the technology of time-based communications (TBC) embedded timing information into the background
of active data communication channels to provide precise static time synchronization to those users with stringent timing
requirements.

Users can implement TBC over most communication links, and it is applicable to both existing and planned communication systems.
TBC is particularly attractive because it requires less than 4.8 kbps of bandwidth and typically occupies a minimal portion of the
overall channel bandwidth.

In addition to its background capability, DTWTT is a wireless technology connecting ground-to-air platforms, and it only requires
general knowledge of a platform’s position and velocity. Researchers use this information in computing corrections to the timing
data related to the motion of the platforms and rotation of the earth.

However, accuracies provided by GPS are not necessary, and the system demonstrated sub-nanosecond precision, using only the

inertial navigation system of the aircraft. This represents a significant milestone in the fielding of an operational time synchronization
system independent of GPS.



Active Flow Control Enables Safe
Supersonic Weapons Release

Pﬂ)’ﬂﬁ Future generations of strike aircraft will almost certainly require the ability to release weapons at high supersonic and/or
hypersonic speeds. This requirement demands the development of technology that will help stabilize the release of stores at these
high-speed regimes. Through its groundbreaking experimental efforts, the Long Range Strike Aero experiment (LRSAe) has taken
a huge step in proving the viability of active flow control as a solution to this problem.

ACCﬂmpliShment The Air Vehicles Directorate, in cooperation
with Boeing Phantom Works, successfully demonstrated the safe
supersonic release of 10%-scale, 500 Ib Joint Direct Attack Munition
(IDAM) models from a rectangular bay using active flow control
technology. The directorate conducted free-drop tests at Boeing's
Polysonic Wind Tunnel in St. Louis, Missouri.

Through these experiments, LRSAe established a clear improvement of
separation characteristics when they applied active flow control (AFC).
The JDAM models in the baseline drops invariably changed direction
immediately after leaving the bay, subsequently striking the bay while
the runs with AFC consistently provided safe separation over a range of
Mach numbers.

Background At supersonic flight conditions, the dynamic and unpredictable environment around the aircraft includes strong,
unsteady shock systems and expansion fans—features which are not present at lower velocities. This is in addition to the turbulent
shear layers, boundary layers, and separated flow that influence store separation at all flight regimes. These forces may alter the
trajectory of the store towards the aircraft and cause a potential hazard to both the store and the releasing aircraft.

LRSAe's purpose is to develop flow control technologies that will eventually overcome the technical challenges associated with
weapons integration on a supersonic platform. It has included several types of wind tunnel experiments using a |0%-scale weapons
bay model and scaled Mk-82 JDAM models.

The directorate performed testing to demonstrate significant acoustic reductions achieved using several kinds of AFC devices. Grid
survey testing showed significant differences between the baseline and AFC cases in the pitching moments applied to the store
outside the bay.

Directorate researchers validated the results of this grid testing by a free-drop experiment where high-speed video captured the
behavior of |2 stores released into the supersonic flow. The success of this wind tunnel entry prompted the addition of another
test in which 40 weapon models were released. The combined results of all this experimentation show AFC as undeniably effective
technology for enabling supersonic weapons integration efforts.




Automatic Air Collision Avoidance
System Test Successful

Payoff The automatic Air Collision Avoidance System (ACAS) uses Situational Awareness Data Link (SADL) data to determine
if a collision is imminent and, if so, temporarily takes control of the aircraft away from the pilot for a very short time and steers each
aircraft into an optimal escape maneuver. As soon as the aircraft begin to diverge, the system returns control to the pilot. |f one of
the aircraft involved is an unmanned air vehicle (UAV), then the UAV will always give ground unless otherwise necessary.

Accomplishment The Air Vehicles Directorate successfully tested the auto ACAS in two flight sessions held at Edwards
Air Force Base (AFB), California. This particular block of tests focused on the SADL data link, a component of the ACAS located
inside the aircraft that transmits data between itself and surrounding aircraft.

In all cases, the F-16 and the virtual target aircraft established the necessary data link and transmitted data between the two aircraft,
and overall SADL performance improved during the course of the two sessions. Both US and Swedish pilots who have flown the
auto ACAS simulations agree that it has potential as a valuable tool because it activates at the right time. They find it most beneficial
during times when pilots lose sight of each other and do not realize a collision may be imminent.

Background The directorate developed ACAS as the first fully automatic air collision avoidance system for use in military
aircraft. Previous collision avoidance systems were always manual—a tone gave the pilot a collision warning and the pilot performed
a quick assessment and evasion maneuver.

However, a manually operated system would not work with fighter
aircraft since normal pilot reaction time is too slow. The collision
alarm would sound constantly during a typical, close-in, air combat

scenario with multiple enemy and friendly aircraft. The ACAS allows

rapidly maneuvering fighters to operate together without the concern /

of pilot reaction time. /—7
The effort to develop the ACAS started in 2000 when officials from ;

the US Air Force Safety Center at Kirtland AFB, New Mexico, wanted

to look into the possibility of an automatic anti-collision system to
prevent fighter mishaps. The safety center asked the directorate’s

Control Sciences Division to undertake this task because of its success
in developing the automatic Ground Collision Avoidance System.

Other ACAS development team members included the National Aeronautics and Space Administration’s Dryden Flight Research
Center and Sweden'’s Forsvaret Materielverk. Sweden is looking into implementing the system into their Gripen fighter.

Restrictions on where UAVs can currently operate in the US are leading the effort to get unmanned aircraft outfitted with the
ACAS. Currently, UAVs can only operate in limited areas or at very high altitudes over the country. In order for UAVs to be a fully
operational part of the Air Force, they must fly to where they are needed and not depend on other transportation to get them there,
even if it means flying in the same airspace used by private and commercial aircraft.



Bio-Inspired Algorithms Allow
UAVs to Act as Teams

Payoﬁ Just like geese, humans do not need complicated formulas to fly formations. Both geese and humans rely on simple rules
coupled with simple communications and location information that interact to emerge the desired formation. The leader is the only
vehicle that needs to know where its location is and where it is going; all other vehicles fly positions from the leader determined by
simple rules, leaving their throughput free to run other algorithms such as threat locating or weapons management.

New bio-inspired algorithm technologies will allow groups of unmanned air vehicles (UAVs) to act as teams, similar to current
manned aircraft. Embedding teaming capabilities will increase the UAV operator’s span of control, decrease communication
bandwidths, and increase operational flexibility.

Accomplishment The Air Vehicles Directorate’s futuristic program exploring UAV strike package teaming is the Integrated
Tactical Aircraft Control (ITAC) program, which has successfully demonstrated formation flight capability using biologically inspired
multi-UAV control algorithms. These algorithms simplistically and elegantly capture how pilots fly formations while reducing system
throughput and communication requirements, easing integration into real-world systems.

Formation management software agents collect the algorithms and
integrate them into the greater ITAC architecture. The formation
steering agent manages these steering modes, switching intelligently
between them as commanded or as the situation requires.

The rejoin mode determines a trajectory for one vehicle to
efficiently maneuver into formation with another vehicle and
provides steering commands to the vehicle along that trajectory.
The UAV operators switch between different turn modes to
perform more energy-efficient maneuvering while in formation.
Its creator received the prestigious Perkin's Award for in-house
research excellence for this work.

Backgrou Nd ITAC is the directorate’s international, collaborative, autonomous control development program for multiple
combat UAVs. Boeing and Dassault Aviation, in conjunction with the directorate and the French Ministry of Defense, jointly pursued
the development of autonomous control technologies for combat UAVs.

The directorate is responsible for several of the software agents making up the ITAC software architecture. Besides the Formation

Management Agent described above, the directorate also built the Vehicle Integrity Manager and System-Wide Integrity Manager, and
they are currently transitioning these to other laboratory autonomous control technology development efforts.




AFRL Small Business Contractor
Demonstrates Automated Solution to
Complex Resource Scheduling Challenges

Payoff The Space Vehicles Directorate tasked Quantum Leap Innovations (QLI) of Newark, Delaware, with developing an
intelligent software scheduling solution capable of solving complex scheduling problems in almost any domain. As a demonstration

of the software’s power and flexibility, the company developed prototype scheduling solutions for the Air Force Satellite Control
Network (AFSCN) and the Space Lift Range System (SLRS).

ACCOmp“Shment The directorate awarded Phases | and Il of Small Business Innovation Research (SBIR) grants to QLI to
develop an artificial intelligence-based software tool capable of rapidly creating solutions to complex resource scheduling problems.
The Scheduling and Planning Framework (SPF) provides an interactive graphical environment that allows the modeler to specify
scheduling problems using scheduling concepts like jobs,
resources, requirements, constraints, and objectives.

QLI integrated their patented optimization engine, the
Problem Solving Engine, with the SPF to solve the resulting
model. By comparing the trade-offs associated with the
top five schedules, the scheduler can select a schedule that
meets his changing priorities and constraints.

For the AFSCN, SPF scheduled 80-90% of one day’s
ground antenna-to-satellite contact requests in less than
| hour. SLRS schedules are particularly complex, but SPF
scheduled 50-60% of the requested launch range assets in
less than 10 minutes.

In recognition of QLI’s work, the company received the Small Business Administration’s Tibbetts Award. The Air Force gives this
award annually to approximately 65 companies out of thousands of SBIR program participants.

Background The SLRS consists of ground-based surveillance, navigation, flight operations and analysis, communications,
and weather assets located at Patrick Air Force Base (AFB), Florida and at Vandenberg AFB, California. This mission provides
the Department of Defense (DoD), the National Aeronautics and Space Administration (NASA), and commercial customers with
a highly reliable, integrated system to support spacecraft launch, ballistic missiles, and aeronautical testing. The launch range
scheduler must correctly allocate support personnel, fuel and fire trucks, tracking antennae, transmit frequencies, and even volumes
of air space.

The AFSCN is a worldwide network of remote tracking stations that offers real-time satellite tracking, command relay, and
telemetry reception for DOD, NASA, and commercial customers. The schedulers at Schriever AFB, Colorado, must attempt to
provide support for 450-500 ground antenna-to-satellite contacts per day.

<
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Active Aeroelastic Wing Parameter
Increases Aerodynamic Efficiency

Payoff Active aeroelastic wing (AAW) technology can benefit future aircraft designs including unmanned air vehicles, advanced
transports, and advanced fighter concepts such as future strike. Design studies have shown that the technology can decrease aircraft
weight 5-20%, depending on the mission.

When applied to fighters, the AAW design approach enhances maneuverability by increasing wing control power and improves
roll rate at higher dynamic pressures. AAW wings provide large amounts of roll power using conventional control surfaces while
controlling air loads and reducing overall aircraft drag. In high-altitude, long-endurance aircraft, AAW technology can be used to
alleviate gust loads and manage wing warping to increase aerodynamic efficiency.

Accomplishment The Air Vehicles Directorate, in cooperation
with the National Aeronautics and Space Administration Dryden Flight
Research Centers and Boeing Phantom Works, successfully completed
the first phase of flight research for the AAW. The test platform was an
F/A-18A, modified with a split, leading-edge flap drive system, a modified
flight control computer, and a flexible wing with thinner skins that allowed
the outer wing panels to twist up to 5°.

More than 1,600 sensors on the F/A-I18A measured parameters
such as control surface positions, wing deformation, structura! strain,
frequency response, and accelerations. Engineers will use this parameter
identification data to develop new AAW flight control laws and design
guidance for future AAW applications.

Background AAW is a multidisciplinary, synergistic technology that integrates air vehicle aerodynamics, active controls, and
structures together to maximize air vehicle performance.

The concept turns wing aeroelastic flexibility into a net benefit through the use of multiple leading and trailing edge control surfaces
activated by a digital flight control system. AAW techniques use air stream energy to achieve this desirable wing twist with very little
control surface motion. The wing then creates the needed control forces with outstanding effectiveness. When AAW technology
is applied correctly, the wing will twist less (although in an opposite direction) than a conventional wing twists during maneuvering.
AAW technology will enable future designers to consider higher aspect ratio and thinner wings with less structural weight than
current wing designs.



Munitions Directorate Helps Develop a New
High-Performance, Low-Cost Steel

Payoff The patented Eglin Steel alloy, developed for hard-target penetrator purposes, has far-reaching military potential
applications, ranging from missile parts to tank bodies to any weapon system whose main structural components require high
strength and toughness. The commercial implications are numerous as well, since the alloy’s high strength and toughness
characteristics can increase the overall endurance of machine parts, allowing for much greater periods between replacements than
conventional materials.

Eglin Steel alloy is easy to weld, making it an attractive choice for a wide variety of built-up sections. The future looks bright
for this high-performance, low-cost composition as a very viable candidate for the Guided Bomb Unit-28 pre-planned product
improvement warhead case material.

Accomplishment Using funding from the Dual Use Science
and Technology program, Dr. Morris Dilmore, from the Munitions
Directorate, and Mr. James Ruhlman, consultant for Ellwood
National Forge Company, developed and institutionalized a new
high-performance, low-cost steel, named Eglin Steel, along with the
associated melting, forging, and heat-treating processes required to
deliver superior mechanical properties. This material has great potential
for both military and commercial use and already exhibits increased
depths of penetration and improved stability over conventional
materials in scaled testing of hard-target penetrators.

Eglin Steel is outstanding not only because it exhibits superior strength
and toughness (the ability of the material to absorb energy without
fracturing) to that of conventional penetrator materials that are currently used for warhead cases, but also because its cost is equal
to or less than that of these traditional, lower-performance casing materials. In today’s environment, cost is an important factor
for all military systems, and Eglin Steel will allow potential contractors to realize a reduction in their material cost estimates, while
increasing the material performance necessary to ensure program success.

Background Defeat of hard and deeply buried targets continues to be of great interest to the United States Air Force
due to the ever-increasing challenge of destroying enemy assets housed either in tunnels or in deeply buried bunkers. In general,
two avenues are available for destroying targets of these types: (1) an increase in the sectional pressure (weight per unit area) of a
penetrator, and (2) an increase in penetrator impact velocity.

Increasing penetrator weight (cross-sectional pressure) is not an attractive choice, since the trend is toward smaller, more mobile
weapon systems; therefore, an increase in impact velocity is the more desirable alternative. To survive high-velocity impact and
destroy a hard or deeply buried target, the casing materials must exhibit excellent measurements of ultimate and yield tensile
strengths, elongation, and toughness values.

About 4 years ago, the directorate, located at Eglin Air Force Base, Florida, initiated a program to develop a penetrator steel
material having mechanical properties similar to current materials, with a corresponding cost reduction of up to 85%. Directorate
engineers helped develop Eglin Steel with mechanical properties necessary to meet weapon performance requirements.



Powered LOCAAS Hits Target in First
Complete System Flight Test

Payoff The Munitions Directorate successfully flight tested its powered Low-Cost Autonomous Attack System (LOCAAS),
equipped with a multimode warhead. This marked the first time the system autonomously located, attacked, and fired a warhead
at a target, meeting all test objectives.

Accom pliShme“t The successful LOCAAS flight test represents
a significant step in demonstrating an autonomous wide-area-search,
miniature-munition capability for the warfighter. The technology
demonstrated today offers the potential to transform the battlefield in the
near term.

In this test, a test aircraft released LOCAAS over the Eglin Air Force Base,
Florida range. After release and flying under its own power, LOCAAS
used its onboard Global Positioning System/Inertial Navigation System to
navigate to two waypoints prior to searching for the target—a relocatable
surface-to-air missile (SAM) launcher. The Laser Radar (LADAR) seeker,
automatic target acquisition algorithms, and guidance and control software worked together to provide the multimode warhead and
fuze with information to time the arming sequence and mode selection, and time to detonate.

In the target area, LOCAAS rejected a non-target military vehicle intended to confuse the system, as could occur in an actual battlefield
scenario. The LOCAAS acquired and correctly identified the target, tracked it, and detonated the warhead above the target at the
appropriate time and location. Fragments from the warhead impacted and penetrated the SAM transporter/launcher/radar system.

Background Developed in conjunction with Lockheed Martin Missiles and Fire Control, LOCAAS is compatible with F-16,
F-22, Joint Strike Fighter, B-1, and B-2 aircraft. The LOCAAS is a miniature, autonomous, powered munition, capable of broad-area
search, identification, and destruction of a range of mobile ground targets.

LOCAAS is a low-cost LADAR sensor coupled with a multimode warhead and a maneuvering airframe to produce a high-
performance submunition. LOCAAS can detonate the warhead as a long-rod penetrator, an aerostable slug, or as fragments, based
on the hardness of the target. The LADAR allows LOCAAS to automatically determine target aimpoint and warhead selection. The
powered LOCAAS uses a small turbojet engine to power the vehicle.




Canada to Implement +100 Fuel Additive

Payoﬁ The + 100 additive, developed by the Propulsion Directorate’s Fuels Branch, minimizes maintenance associated with fuel
degradation in aircraft engines and fuel systems. The +100 additive significantly reduces fuel-related maintenance costs for a wide
range of military and commercial systems.

AccompliShment Canadian Forces recently announced their
intentions to convert their ground-based air operations from North Atlantic
Treaty Organization (NATO) F-40 (military |P-4) fuel to NATO F-37, also
known as JP-8+100 fuel. This shift will make Canada the third NATO
member to adopt the + 100 thermal stability fuel additive following the lead
of the United States and Denmark.

BaC'(gl'OU N At the end of Canada's transition period, from F-40 to F-37, current F-40 suppliers in Canada, which include
Shell and Petro-Canada, will stop producing F-40/Jet B-type fuel.

Canada is currently putting the infrastructure in place to supply fuel with
the +100 additive to aircraft. Their planning provides for various means of
injecting the additive into the fuel including injection at the loading rack, on
refueling vehicles, or with a portable unit.

Canada will not put +100 additive into storage tanks since aircraft not
converting to the +100 additive will not be able to use the fuel. Canadian
Forces will retain the flexibility to use both fuels. They will provide F-34
(JP-8) without the + 100 additive to non-program or transient aircraft and
will retain the F-44 (JP-5) fuel for shipboard operations.




Low-Cost Portable Wear Debris Monitor
Developed for Turbine Engines

Payoff The Propulsion Directorate and the University of Dayton Research Institute (UDRI) can now diagnose potential engine
bearing failures more reliably and quickly with cheaper and less bulky commercial off-the-shelf monitoring equipment, thanks to
recent experiments. Flight line use of unwieldy and costly scanning electron microscope (SEM) systems may be a thing of the past
with UDRI’s more cost-effective alternative.

ACC()mpliSh ment The directorate’s Mechanical Systems Branch and UDRI developed a portable wear debris monitor that
detects and identifies bearing wear debris in turbine engines. The device, based on X-ray fluorescence (XRF) technology, provides
visual imaging, size measurement, and alloy composition determination. This detailed information allows flight-line personnel to
track and identify wear debris taken from the engine’s bearings and take appropriate maintenance actions to prevent lubrication
system failures.

Background The XRF instrument is bench-
top size and could potentially replace SEM technology
currently in use for bearing debris analysis by the Air
Force. The XRF would cost approximately 80% less
than SEM instruments and weigh 72% less, while
providing essentially the same capability.

The new commercial off-the-shelf system is also less
expensive to maintain.  Annual maintenance costs
are approximately 85% less than the bulky SEM
system.

Technicians could use the XRF system for commercial
engine debris analysis as well as other industrial
failure critical applications where metallic wear
debris is available for examination. The directorate recently demonstrated the XRF for the Propulsion Product Group at Oklahoma
City Air Logistics Center. The Air Force is considering the device for field demonstration in the upcoming Patriot 2003 exercise.




Propulsion Directorate Develops More
Efficient ECU for Deployable Tents

Payoff A new environmental control unit (ECU), a field-deployable tent cooler that heats or cools military tents in the most
extreme temperatures, promises a 28% boost in performance while reducing weight and volume by 56%. The ECU improves
reliability and maintainability in a deployed environment, reduces generator requirements, saves fuel, and will cut the total power
consumption at deployed airbases.

Accomplishment A Cooperative Research and Development
Agreement between the Propulsion Directorate and Mainstream Engineering
Corporation resulted in the building and testing of a more lightweight and
efficient ECU for deployable tents. The directorate and Mainstream
Engineering Corporation developed the new ECU to provide comfort for
US troops and to keep vital operational equipment running smoothly under
the most extreme conditions. During Operation IRAQI FREEDOM, US
troops used less efficient and bulkier tent coolers for relief from the 125°F
heat of the Iraqi desert and to protect military equipment stored in tents
from harsh weather conditions that could degrade performance.

The current design features improved maintainability, performance, and
cost, while the training required to maintain and operate the unit was
simplified. The unit also uses standard commercial parts, and there are no
exotic components or materials.

The Department of Defense deems the new tent cooler environmentally
friendly with no ozone-depletion potential since the unit uses Puron (R-410A)
refrigerant. The existing “-39" version ECU operates at low power, is bulky,
and uses an ozone-depleting refrigerant (R-22).

Background The directorate recently tested the new unit at Fort Drum, New York during Patriot Exercise 2003. The
directorate designed the second-generation prototype to operate in nuclear, biological, or chemical (NBC) mode or non-NBC
mode.

The ECU can act as either a heater or an air conditioner and can be operated with a remote control. Compared to previous models
that took up to 10% of the airbase deployment weight, the current ECU would reduce that by more than half.



Ultra-Fast Analyzer Ensures
Safe Use of Jet Fuels

Pﬂ)’ﬂﬁ The Propulsion Directorate, in partnership with the University of Dayton Research Institute (UDRI), developed a rapid
investigative tool using commercial off-the-shelf equipment that can characterize key fuel properties in less than 5 minutes. The
equipment was developed to support the Air Force Petroleum Office deployed laboratories.

The ultra-fast gas chromatographic method determines the fuel’s “fingerprint” and uses the information to predict distillation range,
freeze point, flash point, and sulfur content. The fingerprint also helps to identify potential fuel contamination.

Accomplishment Directorate chemical
research engineers in the Fuels Branch and UDRI
created a fast gas chromatograph (GC) that runs a
fuel recognition process in only 5 minutes versus a
standard GC that takes about |-2 hours. The new
GC quickly detects off-spec fuel and identifies fuels
differently than they were originally labeled.

The directorate developed the equipment to reduce
the transportation footprint and time required to
run four different tests using four separate instruments. The unit is also field-deployable and relatively inexpensive, at an estimated
$35,000 for each instrument. The instrument gives warfighters rapid distillate fuel recognition of Jet Propellant (JP)-8, JP-7, Jet A, Jet
Propellant Thermally Stable, diesel, and aviation gas along with composition-property relationships for flash point, distillation range,
freeze point, sulfur content, heat combustion, and others.

Backgmund The fast GC is an instrument that examines different fuel types by separating the complex petroleum mixtures
and determines whether or not they are safe for military use. The GC creates a very accurate “fingerprint” depiction of each fuel
type. Samples of fuels are placed in a computer-controlled auto sampler that places the bottle containing the fuel under a syringe
that extracts the fuel. The fuel in the syringe is then injected into a glass tube, the inside of which is slightly larger than a human
hair. The smaller the dimensions of the tube, the faster the analysis. Inside the tube, the fuel separates into its volatile and non-
volatile components. The most volatile components evaporate first and the least volatile ones last longer. From this process, a gas
chromatogram is formed that can then be related to various properties of fuel.



Sensors Directorate Engineer/Technician
Duo Invents Switch for AFSOC Radios

PaYOﬁ Sensors Directorate personnel invented a lightweight, durable, user-friendly switch, called the Kessler-Coates (KeCo)
switch, that is easily operated with gloves or in the dark. The KeCo switch enables ground-to-ground, as well as ground-to-satellite,
communications with existing radio equipment used by Air Force Special Operations Command (AFSOC). Now forward-deployed
troops do not have to manually switch antennas, which could have put Air Force personnel at extreme risk.

AccompliShment Lieutenant Colonel Don Kessler and Master Sargent Dave Coates, both of the Sensors Directorate,
responded to the AFSOC commander's request to provide a solution to a problem the command had with their special operations
radios. They invented a lightweight, durable switch that allows AFSOC soldiers to instantly switch back and forth between a satellite
antenna and an omni-directional, line-of-site antenna.

BaCkground Forward-deployed AFSOC forces carry more than 100 Ibs of
equipment, not including food or water. Vital to a successful mission are the special
operations radios to keep in contact with satellite and ground communications systems.
These radios are lightweight and use as little power as necessary; however, they are short
one antenna port.

Troops must physically switch modes between ground-to-ground and ground-to-satellite
capabilities. This means every time troops switch antennas, they have to break off
communications, then try to re-establish them. The delays caused by manually switching
the antennas left troops exposed to gunfire and delayed contact with aircraft to abort or
change a mission.

Within 3 months of the request, the directorate developed and delivered to AFSOC
the KeCo switch that allows for quick switching between satellite communications and
air-to-air communications. The KeCo is an antenna switch specifically tailored to several
communications radios used by AFSOC forces in combat and is another directorate
attempt to meet an urgent need for support to the warfighter community.

AFSOC plans to produce 1,300 devices for Air Force units. The directorate anticipates
that Department of Defense customers may order more than 10,000 devices within the
next year or two for use throughout the world.




Compressor Research Facility Adds
Heated Inlet Capability

Pa)’()ff Anew heated inlet capability in the Propulsion Directorate’s Compressor Research Facility (CRF) will allow researchers
to operate fans and compressors undergoing testing at the actual mechanical speeds experienced in operational engines. Testing
with the heated inlet allows researchers to continue matching aerodynamic parameters while matching the actual mechanical speeds
encountered in an engine environment more closely. This increases the quality of aeromechanic data collected and is important for
evaluating new materials and structures for use in fans and compressors.

ACC()mpliShment Directorate engineers successfully demonstrated a new heated inlet capability during a test of an
advanced military fan developed as part of the Integrated High Performance Turbine Engine Technology (IHPTET) program. This
new capability recirculates hot exhaust gas from the test compressor back into the incoming atmospheric air, resulting in elevated
inlet temperatures up to 750°F and enhancing CRF’s ability to simulate engine conditions more realistically.

BﬂCkgl’OUﬂd The CREF is a steady-state facility capable
of testing full-scale fan and compressor hardware-simulating
engine properties based on aerodynamic similarities. It is
used to determine the performance of the most advanced
compressors and fans in the world, while enhancing the
understanding of their complex internal flow physics.

Previously, fans and compressors were tested at aerodynamically
corrected conditions. These tests resulted in lower rotational
speeds than would be experienced in actual engine environments,
although these test conditions correctly matched the aerodynamic
performance.

The heated inlet was first used in the structural evaluation
of the highly successful Pratt & Whitney XTE67 Fan Test
program. It was used to elevate the mechanical speed of the compressor to investigate potential flutter conditions. With the new
heated inlet capability, the CRF can more fully support the compression system objectives and goals of IHPTET and turbine engine
affordability initiatives of the Versatile Affordable Advanced Turbine Engines program. Aeromechanical data collected in the CRF is
also important to increase the performance of engines as well as increase understanding of high-cycle fatigue requirements.



Communication/Navigation Qutage
Forecasting System

P ayoﬁ The Communication/Navigation Outage Forecasting System (C/NOFS)
instrument payload will make global equatorial measurements to understand
and forecast naturally occurring ionospheric scintillation that causes outages
in communication and navigation data links. The C/NOFS program will sense
and predict system outages caused by scintillation to improve the warfighter's
capability to perform mission-essential communication and navigation tasks.
C/NOFS combines data from space- and ground-based sensors in advanced
computer models to predict ultra-high-frequency satellite communications and
Global Positioning System (GPS) outages due to scintillation in the ionosphere.

Accomplishment The Instrument Development Team, composed of
the Space Vehicles Directorate, the Naval Research Laboratory, the National
Aeronautics and Space Administration’s Goddard Space Flight Center, Aerospace
Corporation, and the University of Texas at Dallas, recently fabricated the C/NOFS
flight hardware for the space-based instrument payload. They delivered the first
instrument flight unit to the directorate’s Aerospace Engineering facility at Kirtland Air Force Base, New Mexico, for integrated payload
testing. The flight hardware for the six C/NOFS instruments includes the electric field instrument, the planar langmuir probe, the ion
velocity meter, the neutral wind meter, the GPS occultation receiver, and the radio frequency beacon.

Background The team designed and fabricated the instruments to fly on a low-altitude, low-inclination satellite and make in-situ
and remote-sensing measurements of the equatorial ionosphere. The C/NOFS payload is very unique because it is the first dedicated
instrument suite to measure the key ionospheric parameters needed to answer the question “What triggers scintillation?”

The C/NOFS payload will also demonstrate a new data-driven, physics-based forecasting system for predicting when and where

scintillation events will disrupt communication and navigation data links. Following integrated payload testing, the team will transfer the
instruments to the Space and Missile Center’s Detachment |2 and the spacecraft contractor for integration onto the spacecraft bus.



Solar Mass Ejection Imager Launched on
Space Test Program’s Coriolis Satellite

Payoft Distinguishing faint coronal mass ejections (CMEs) from the bright celestial background is
difficult, requiring the Solar Mass Ejection Imager (SMEI) to achieve 0.1% photometry. Detection and
tracking of earth-directed CMEs will help protect space assets and communications.

CMEs can cause geomagnetic storms on earth, and fast CMEs can drive shock waves. These phenomena
initiate effects adverse to military and civilian spacecraft and ground-based systems including increases in
trapped magnetospheric particles, degraded satellite communication and surveillance systems, increased
drag, and destructive surges in power grids. Advanced warning will permit preventive measures to
mitigate their effects.

ACCompliShmeﬂt The Space Vehicles Directorate’s Space Weather Center of Excellence previously launched the SMEI
on the Space Test program's Coriolis Satellite (see photo on left) to detect and track CMEs propagating from the sun to the earth.
Since CMEs are a major cause of space weather effects on earth, SMEI’s successful operation will significantly improve space weather

forecasts. SMEIimages the entire sky in white light every orbit with three baffled charge-coupled-device cameras, while occupying a
circular, sun-synchronous (830 km) polar orbit.

Since launch, SMEI has detected over a dozen CMEs including some
earth-directed, “halo” CMEs that caused geomagnetic storms. SMEI will
produce |- to 3-day forecasts of geomagnetic storms by tracking CMEs
from the sun to the earth. SMEI's all-sky images will also aid astronomers
and astrophysicists in understanding solar processes and detecting
astronomical phenomena.

The photo on the right is the first all-sky image produced from SMEI data.
Additional SME images are available on the Web at http://smei.nso.edu

BﬂCkgl‘OUﬂd A team of scientists and engineers from the directorate, the University of California at San Diego, and the
University of Birmingham in the United Kingdom, designed and constructed the SMEI experiment. The US Air Force, the National
Aeronautics and Space Administration, and the University of Birmingham are providing financial support for SMEI.



AFRL Successfully Tests Miniature Satellite
Threat Reporting System

Pﬁ)’ﬂﬁ The Space Vehicles Directorate’s Miniature Satellite Threat Reporting System (MSTRS) protects a spacecraft from hostile
radio frequency (RF) threats by providing a detailed analysis of the threat including the source of the threat. This capability is critical
for future satellites.

Accomplishment The directorate launched the MSTRS aboard the Space
Shuttle Columbia as a payload on the STS-107 mission. During flight, a directorate-
led ground team and the space shuttle crew performed an experiment to verify the
performance of MSTRS by characterizing ground-based RF emissions. The MSTRS
experiment successfully demonstrated functionality of recently developed AFRL
technology.

Background Directorate engineers mounted the MSTRS antenna array on top of a SPACEHAB module on Columbia, which
had an unobstructed view of earth when Columbia’s crew turned the shuttle cargo bay in that direction. The assemblies consisted
of two separate three-antenna interferometer baselines with the receiver electronics mounted inside the SPACEHAB module in a
shuttle mid-deck locker.

The experiment involved flying over participating ground-based
emitters with known characteristics. By comparing the measured
signal parameters with those reported by the ground-based emitters,
the MSTRS experiment team determined that MSTRS performed

properly.

The team transmitted data to the MSTRS ground control computers
at Johnson Space Center, Houston, Texas, during flight. The team
consisted of personnel from the directorate, Air Force Space
Command, Space & Missile Systems Center, Northrop Grumman
Corporation, Los Alamos National Laboratory, Naval Research
Laboratory, Joint Spectrum Center, and Schafer Corporation. The MSTRS experiment team declared the MSTRS mission successful
at the completion of operation.




Low-Shock Separation System Dramatically
Reduces Satellite Failures

Payoff The shock of separation of satellites from the launch system (normally a rocket) causes many failures, requiring
development of a satellite low-shock separation system. The Lightband system is 25% lighter, 50% smaller, 40% cheaper, and
generates <5% of the shock of existing conventional pyrotechnic separation systems. The Lightband provides a capability that
reduces on-orbit failures, the cost of design and redesign, and launch costs. This technology could save spacecraft programs several
million dollars in life-cycle costs per spacecraft.

Accomplish ment Using technology explored under the Small Business Innovation Research (SBIR) program, the Space
Vehicles Directorate successfully developed and transitioned the country’s next-generation, small spacecraft separation system,
called the Lightband. Operating with limited SBIR funding, a directorate team developed, designed, tested, and successfully flew the
world’s first reusable, non-discrete point, low-shock, non-pyrotechnic separation system.

This Lightband system successfully separated the National Aeronautics and Space Administration’s (NASA) Starshine-3 primary
satellite from Lockheed Martin's Athena | launch vehicle on the first orbital launch out of Kodiak, Alaska. For the Starshine-3
spacecraft, the low-shock separation system reduced the shock-induced loading from 8,000 g-force (typical pyrotechnic separation
system) to 300 g's.

Background During the past decade, NASA lost billions of dollars due
to satellite malfunctions, resulting in total or partial mission failure. These
malfunctions are often directly attributable to vibration loads during launch and
satellite separation from the rocket.

Low-shock separation systems are an enabling technology for small (< 100 kg)
Department of Defense satellites and for the launching of fragile spacecraft
components such as advanced optical systems. Small satellites are particularly
susceptible to shock-related failure because of the close proximity of sensors
and instruments to the shock source, necessitating a low-shock separation
system.

The Air Force required a low-risk small satellite launch system that was
compatible with existing systems. Due to the program’s success, this
separation system is baselined into AFRLs University Nanosatellite program,
the Technology Satellite of the 2 |st century, Experimental Small Satellite-1 I, the
Space and Missile Center's Space Test Satellite, Multiple Space Vehicle 05 (the
first evolved expendable launch vehicle secondary payload adapter flight), the
Naval Postgraduate School Satellite, and the university’s “CubeSat.”

o
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Breakthrough Optical Technology—Optical
Coherence Tomography

Optical Coherence Tomography (OCT) can provide high-resolution, cross-sectional imaging similar to that of ultrasound,
but it uses light instead of sound. OCT, an emerging technology based on fiber optics, often uses a compact diode light source similar
to those used in compact disc players.

1L An Air Force Office of Scientific Research (AFOSR)-sponsored scientist, Dr. James Fujimoto, is the
inventor and leading researcher of OCT, a new optical imaging tool for creating images used in medical diagnostics, materials science,
and microscopy. Dr. Fujimoto, sponsored by AFOSR’s Physics and Electronics Directorate, is a professor in the department of
Engineering and Computer Science at the Massachusetts Institute of Technology in Cambridge, Massachusetts.

| OCT s a robust, portable, low cost
technology that is readily interfaced with optical fiber

techniques to catheters, endoscopes, laparoscopes, and e o

surgical probes. These attributes make it very attractive for
medical and surgical diagnostics. mm .

Ophthalmology, the study of the eye, is an area of medical
research to benefit tremendously from this new technology
and the first area to have commercial instrumentation
introduced. Researchers performed studies investigating the feasibility of using OCT for the diagnosis and monitoring of retinal
diseases such as glaucoma, macular edema, macular holes, central serous chorioretinopathy, age-related macular degeneration,
epiretinal membranes, optic disc pits, and choroidal tumors.

Other AFOSR-funded researchers developed valuable extensions and applications of OCT. Dr. Zhongping Chen, of the University
of California, Irvine, developed Doppler OCT, which observes moving surfaces and is particularly valuable for studying blood vessel
function and fluid flow, generally in small structures.

Dr. Johannes de Boer, of the Massachusetts General Hospital (MGH), developed polarization-sensitive OCT and applied it to
diagnosing burns. Drs. Brett Bouma and Guillermo Tierney at MGH, both former members of Dr. Fujimoto’s group, developed
very portable, high-performance OCT systems for clinical diagnostic studies. The US Army Institute for Surgical Research in San
Antonio, Texas, is currently collaborating with several AFOSR-funded scientists to apply OCT to military medical needs.




Breakthroughs in Group lli-Nitrides

Group lll-Nitrides, such as gallium nitride (GaN), are promising candidates for a variety of Air Force applications. They
possess excellent physical and electrical properties to operate in harsh environments. Scientists predict that devices based on GaN
materials will have numerous Air Force and Department of Defense applications and an enormous impact on high-power radars
such as those employed on remote-sensing platforms. Other applications include displays and indicators based on light-emitting
diodes, laser diodes for optical data storage, and sensor and detector surveillance systems.

Important research and significant advances by Air Force Office of Scientific Research (AFOSR)-funded
scientists are attracting worldwide attention in the area of semiconductors. Several institutes in Korea and Japan, working in
conjunction with the Materials and Manufacturing Directorate, are conducting semiconductor research in Group lll-Nitrides such
as GaN.

Due to a widespread increase in Asian research in the area of nitride semiconductors, the Asian Office of
Aerospace Research and Development sponsored initiatives with several institutions in Asia to address efficient device performance.
AFOSR managers capitalized on tapping into the burgeoning field, especially in Korea and Taiwan, largely because of the astounding
achievements of a single researcher, Dr. Shuji Nakamura, the world's foremost expert in nitrides. Dr. Nakamura, formerly of Japan,
is a professor at the University of California at Santa Barbara (UCSB).

While Dr. Nakamura was the first to successfully establish
the means for growing crystalline GaN layers for devices,
many characteristics of nitrides remain unclear. This is
because the world lacks a viable GaN substrate upon
which to grow high-quality crystal lattice-matched
structures and subsequently fabricate high-performance
devices.

Korea's Samsung Advanced Institute of Technology
found an effective alternative substrate or template
upon which to grow good material. These lattice-
matched structures characterize and optimize important
material system parameters and allow AFRL researchers
to understand and thereby minimize the performance- B
limiting defects that plague these materials.

Other improved nitride material projects involve collaborations between Japanese researchers at Tsukuba University and UCSB
Professors Steven DenBaars and Shuji Nakamura. Since 1996, this US-Japan team worked together to champion the basic physics
and preparation of GaN crystal layers.

Another effort to understand and ultimately control defects is the collaboration between Science University of Tokyo (Ohkawa) and
UCSB (Dr. Nakamura). This partnership establishes the interfacial physics involved in the chemistry of nitrides, particularly how
nitrides behave in chemical reactions.




Improving Digital Signal Processing Through
Holographic Recording and Storage

ff Identifying enemy aircraft and missile threats may become easier thanks to the efforts of two Air Force Office of Scientific
Research (AFOSR)-funded scientists. Working on related but separate projects, Professors Dmitri Psaltis and Selim Shahriar
discovered different methods of improving digital signal processing (DSP) through holography.

Holographic Super Correlator: Basic Concept

‘ [ Professor Psaltis teamed with
fellow California Institute of Technology electrical engineering
professors, Zhiwen Liu and Gregory Steckman, to develop
a holographic system to record fast events. The resulting
performance is comparable to the current state of the art
for a multi-camera system. Professor Shahriar and fellow
researchers at Northwestern University joined scientists at
the Massachusetts Institute of Technology and Digital Optical
Technologies in Somerville, Massachusetts, to improve DSP
speeds by using a simple holographic optical corrrelator.

d Holography allows users to search in a parallel fashion. If users are trying to track and identify an enemy plane,
the plane could appear at different distances and in different orientations, requiring as many as 10,000 pictures in the database for
all possible orientations of just one plane. In simplest terms, Professor Shahriar’s approach deals with massive storage for image
processing applications such as satellite pictures. Professor Psaltis’ approach looks at recording extremely fast events, which causes
an issue of storage capacity versus speed.

Professor Psaltis and his colleagues developed a holographic method for recording fast events on nanosecond timescales. They
extended their technique by using shorter pulses and generating the signal beam pulse train through wavefront division or nonlinear
optics.

While Professor Psaltis’ and Shahriar’s holographic methods have obvious military applications, their research might also benefit
biologically based identification processes such as fingerprinting or comparison of dental images. The AFOSR’s Physics and
Electronics Directorate currently supports Professors Psaltis’ and Shahriar’s research.



New Silicon-Based, Light-Emitting Technology
Sets a World Record for Efficiency

STMicroelectronics’ new silicon-based, light-emitting technology sets a world record for efficiency. It traces its creative
origins back to important research funded by the Air Force Office of Scientific Research and conducted jointly in 1993 by the Air
Force Research Laboratory, at Hanscom Air Force Base, Massachusetts, and the Massachusetts Institute of Technology. The team’s
work in rare-earth-doped, light-emitting diodes leads the nation and inspired STMicroelectronics’ innovation that implants ions of
rare-earth metals, such as erbium or cerium, in a layer of silicon-rich oxide.

STMicroelectronics discovered groundbreaking technology that allows silicon-based light emitters to
match the efficiency of traditional light-emitting compound semiconductor materials such as gallium arsenide. STMicroelectronics
is the world's third largest semiconductor manufacturer.

This new technology opens up many potential applications to combine optical and electrical functions on a single silicon chip.
Although silicon is ideal for building memories, microprocessors, and other complex circuits, this was not previously possible
because it could not act as an efficient light emitter.

Mr. GianGuido Rizzotto, STMicroelectronics director of Corporate Technology Research and Development,
identified a number of promising applications and solved key manufacturing issues to rapidly move this technology into production.
One of the first applications is building power control
devices in which the control circuitry is electrically
isolated from the power-switching transistors. Currently,
manufacturers achieve electrical isolation, mandatory in
many applications for safety reasons, by using external
devices such as relays, transformers, or discrete
optocouplers.

STMicroelectronics patented a novel structure in which
two circuits, built on the same chip but electrically
separated from each other by insulating silicon dioxide,
communicate via optical signals using integrated silicon
light emitters and detectors. These devices will have
numerous important applications including motor
control, power supplies, solid-state relays, and similar
applications where the power circuit needs to handle
much higher voltages than the control circuit.




LES Used to Design Future Aero
Propulsion Combusters

Large Eddy Simulation (LES), developed by Air Force Office of Scientific Research (AFOSR)-sponsored research,
represents the next generation of models that offers the promise of delivering quantitatively accurate assessments of combustor
behavior in a computationally tractable manner. Using the LES approach, future propulsion systems will offer stable performance
over a wide range of flight conditions, while meeting the stringent requirements for fuel economy and emissions for both military
and civilian communities.

o 'L Dr. Sunil James, of the Rolls-Royce Corporation in
o Indianapolis, Indiana, is currently testing and incorporating an LES-based combustor
ot e design modeling capability he created. Many regard this as the next major step in
Nondimen 37 Euperinental Messuremments computational tools for aero propulsion system design. Dr. James took fundamental
L oo s g o aspects of an LES model for turbulent combustion, formulated by AFOSR-sponsored
®% " o2 s s os| research of his former professor Dr. Peyman Givi, at the State University of New

Rt ol Noogh York at Buffalo, to design combustors for future aircraft propulsion.

In the past 20 years, engineers used computational modeling as an essential methodology for gas turbine
combustor design, as well as for the design of combustors used in other chemical propulsion systems including ramjets, scramjets,
and chemical rockets. Previous design approaches, based on trial-and-error testing, proved costly, time consuming, and incapable of
achieving optimum performance.

Current computational modeling approaches use variations of the Reynolds-
Averaged Navier Stokes (RANS) approach to predict temporally averaged
parameters associated with combustor performance. RANS models are
very useful for qualitative analysis of an engine’s performance; however, they
do not allow for a true quantitative predictive capability.

The combustion research community is actively pursuing LES models for
turbulent combustion. LES solves the conservation equations for mass,
momentum, energy, and chemical species at the largest physical scales of
the combustor.

LES predicts the behavior of these parameters at the smaller scales of the flows below the resolution limits of the computational grid
with approximate models—subgrid-scale (SGS) models. Dr. Givi contributed a unique approach for SGS through a statistical treatment
of the mass-weighted, small-scale properties of combustion in a scalar-filtered mass density function. Dr. Givi demonstrated both the
accuracy and computational efficiency of this approach by comparing his prediction with experimental measurements for a turbulent
mixing layer.

The Rolls-Royce Corporation produced aero propulsion system designs used on several items in the Air Force's inventory. Among
those are the AE2100D3 turboprop used in the C-|30) transport, the AE3007H turbofan on the Global Hawk surveillance aircraft, and
the F136 turbofan for use on the F-35 Joint Strike Fighter.



Research Leads to Lighter Weight UAV Nozzle

Air Force Office of Scientific Research (AFOSR)-funded research is yielding computer-
based models for fluid flows that are key enablers for developing new capabilities for the Air
Force. Thanks to advances in computational fluid dynamics (CFD), Lockheed Martin Aeronautics
engineers are developing fluidic thrust control for aircraft that provides thrust vectoring with no
moving nozzle parts.

Many future unmanned air vehicles (UAVs) are tailless and will depend on thrust vectoring for flight control. The F119 nozzle achieves
conventional thrust vectoring using a mechanical system with moving flaps. Fluidic “fixed-geometry” thrust vectoring can result in
substantial weight savings for aircraft. Lockheed Martin studies show that fluidic thrust control could boost control power for tailless
UAVs, while slashing nozzle weight and cost in half.

Under AFOSR sponsorship, the University of Calgary and Lockheed
Martin collaborated on the development of CFD simulation methodologies used to identify
promising concepts for nozzle flow control. Engineers used the CFD simulations to study the effect
of pulsed fluidic control jets on the nozzle stream.

These fluidic injection techniques rely on the use of small control jets located in the nozzle wall to
alter the flow direction of the nozzle stream by creating a “virtual” aerodynamic nozzle surface. The
performance of this flow control technique depends on relationships among numerous geometric
and fluid properties that were poorly understood.

The University of Calgary and Lockheed Martin undertook a systematic study of
both steady and pulsed-injection jets blowing into a nozzle crossflow using CFD methods. The CFD
methodology involves dividing a flowfield into discrete volumes, or grid cells, and then applying a numerical
algorithm with mathematical relationships governing fluid motion and a model of turbulent flow physics.

Prior research from AFOSR grants with Princeton’s Professor George Mellor and Stanford's Professor
Parviz Moin led to the development and use of physical models for turbulent flow in these studies. The
CFD tools allowed these researchers to explore parameters such as injection momentum, frequency, and geometry, more rapidly and
less expensively than possible in a purely experimental approach.

The researchers compared the computational results to experimental data taken at the University of Calgary. Those comparisons also
guided the choice of computational methods, thus ensuring accurate predictions.

AFRL is currently investigating thrust vectoring in structurally fixed nozzles based on this research effort. These tests demonstrated
thrust vector angles of greater than |0° with good thrust efficiency.

The predictive capability of CFD was vital, since experimental evaluation of the many possible concepts
would cost an estimated $1 million more in the preliminary design phase. The researchers transitioned the
critical features of the control jet and nozzle design to General Electric and Allison for an Integrated High
Performance Turbine Engine Technology effort to build large-scale hardware for an engine demonstration
of fluidic thrust control. The Air Vehicles Directorate estimated a 30-50% nozzle weight reduction using
fixed nozzles with this technology.




Looking In from the Outside:
Antimatter Atoms

The antimatter atoms collaboration, known as the ATRAP Collaboration, developed a novel field-ionization technique
that permits direct observation of antihydrogen atoms that eliminate residual background signals. ATRAP can detect more
antihydrogen atoms in an hour than the sum of all antimatter atoms ever reported.

Dr. Gerald Gabrielse, a Harvard University professor of physics, worked with scientists from Germany,
England, and the United States to observe the internal structure of antimatter atoms. Since 1988, the Air Force Office of Scientific
Research'’s (AFOSR) Physics and Electronics Directorate helped sponsor Dr. Gabrielse’s efforts at the European Laboratory for
Particle Physics, also known as CERN, in Geneva, Switzerland.

nd AFOsR's support permitted CERN to build the antiproton decelerator (AD) storage ring in order to observe
cold antihydrogen. Antihydrogen is an atom composed of two antimatter particles, an antiproton and a positron; a normal hydrogen
atom is composed of a proton and an electron.

The antiparticles have the same mass as their normal counterparts,
but they carry the opposite charge. Current theories predict that
antihydrogen and hydrogen should have the same properties
including their internal structure.

The ATRAP Team creates antihydrogen atoms by colliding
antiprotons with cold positrons. The team creates antiprotons
from CERN's AD and positrons from a radioactive source. They
cool them both and gently collide them to form antiatoms, namely
antihydrogen. The antihydrogen forms in a nested Penning trap,
a device developed by ATRAP scientists. Then the team studies
them spectroscopically.

The ultimate goal of ATRAP is to trap neutral cold antihydrogen atoms and study their spectra with the same precision as plain
hydrogen atoms. Researchers hope that the antihydrogen atoms will create enough atoms to allow lasers to probe for any tiny
differences between antihydrogen and hydrogen atoms. Such measurements would test fundamental theories of physics and might
even provide some information about the mystery of why our universe is composed of matter rather than antimatter.

Antihydrogen—and antimatter in general—has many potential benefits to the military and defense of our nation. It is a potential

candidate for extremely high-energy-density applications including ultra-lightweight satellite and unmanned air vehicle power
supplies, high specific impulse engines, and missile defense interceptors.



Molecular Recombination

The research of Dr. Raymond Flannery, an Air Force Office of Scientific Research-funded physicist, may lead to important
advances in the Air Force's ability to detect missiles during their boost phase. By studying the molecular recombination within
and around a rocket’s exhaust plume and the detailed signature information it gives off, scientists can improve missile detection
capabilities. Dr. Flannery’s research will also enhance the detection of satellites, warheads, and missiles re-entering the atmosphere;
and it will improve techniques to counter enemy detection of friendly missiles.

Dr. Raymond Flannery, Regent's Professor at the Georgia Institute of Technology, developed a
microscopic theory of three-body recombination processes of electrons and ions in gases. His work gives scientists a better
understanding of collisions between atoms and molecules in highly excited states.

The Propulsion Directorate plans to use Dr. Flannery's research to aid in their understanding of the interactions
that take place in plasma deposition and etching—the processes most often used in manufacturing large-scale integrated circuits.
His work is also helpful in understanding conduction of electricity through plasmas and gases, ignition of flames, and other processes
relevant to the development of advanced air and space propulsion systems.

Dr. Flannery's work will also help the Air Force continue its environmental
efforts. His research will enable scientists to better understand how pollutants
influence atmospheric recombination and help environmentalists to develop
new methods of effectively dealing with the mitigation of these pollutants.

The Division of Atomic, Molecular, Optical and Plasma Physics of the United
Kingdom'’s Institute of Physics, recently awarded Dr. Flannery the 2002 Sir
David Bates Prize in recognition of his work in the field of theoretical atomic
physics and for his studies of recombination processes with applications to
astrophysics and plasma physics. He was also the winner of the 1998 Allis Prize,
awarded by the American Physical Society, for his work on ionized gases.

His current research includes development of theories of Rydberg plasmas and
the formation of antihydrogen by three-body recombination. In particular, he
recently helped solve, a 40-year-old problem explaining the mixing of angular
momentum substates of a Rydberg atom by the time-dependent electric field
generated by collision with a charged ion—a process known as collision Stark
mixing. The process is of basic significance to Rydberg plasmas, whether at
high-temperature or ultra-cold energy regimes.




Rapid Model Fabrication for Responsive
Aerodynamic Testing

Rapid prototyping (RP) is a robust, accurate, and affordable method to support aerospace research and development
throughout Department of Defense organizations, industry, and academia involved in experimental ground testing. In the past, it
took months to manufacture models for ground testing. Recent innovations in RP have made it possible to produce models within
days. Rapid fabrication results in a faster and better response to the warfighter’s needs by permitting concurrent study of new
concepts in the wind tunnel and via computer simulation.

Using the Air Vehicles Directorate’s Subsonic Aerodynamic Research Laboratory, the Air Vehicles (VA)
and Materials and Manufacturing (ML) Directorates collaborated to modify and test a model of the X-45A Unmanned Combat Air
Vehicle fabricated by Johns Hopkins University/Applied Physics Laboratory. Scientists used state-of-the-art RP methods to modify
the model, and its testing improved understanding of the application of RP technology.

VA conducts aerodynamics research at a variety of
in-house test facilities at Wright-Patterson Air Force Base, Ohio. The
capabilities of these facilities range from very-low-speed subsonic flows to
very-high-speed hypersonic flows. VA's history of aerodynamic research
and development began in the 1920s when the United States Army Signal
Corps established the Technical Services Office at McCook Field, Dayton,
Ohio. Since that time, testing has evolved from being developmental in
nature to supporting basic and applied research programs. RP will play an
essential part in this role.

RP is a highly useful tool in today’s experimental environment, leading
to innovative technologies, significantly compressed design cycle times,
and reduced costs. Current RP technologies include stereo lithography,
selective laser sintering, laser engineered net-shaping, and fused deposition
modeling. VA and ML collaborated to compile information on several of
these techniques and their respective applicability to the suite of ground
testing research facilities operated by VA.

The resulting information database matches research facility operating
conditions with RP material capabilities and will provide the basis for other
organizations to pursue and implement RP Current wind tunnel model
manufacturing techniques are slow, resulting in a lag between physical configurations tested by ground testing methods in the wind
tunnels and configurations modeled with computational fluid dynamics (CFD). However, RP manufacturing techniques are maturing
rapidly and enable the engineer to quickly fabricate a test article from the same digital model used for computer simulations done
with CFD.




Linking Computational and
Experimental Methods

A collaborative effort in rapid technology assessment between the Air Vehicles Directorate, Innovative Scientific
Solutions, Inc., and the National Aeronautics and Space Administration’s Langley Research Center successfully demonstrated the
ability to provide a near-real-time comparative evaluation of experimental and computational simulations. The process eliminated
the significant time lag between numerical analysis and the acquisition of experimental test data to validate the analysis, which
impedes aerospace technology breakthroughs.

The directorate initiated a joint
Computational Fluid Dynamic/Experimental Fluid Dynamic
(CFD/EFD) test program to investigate and analyze the
aerodynamic flow field of the X-45A Unmanned Combat Air
Vehicle at the Subsonic Aerodynamic Research Laboratory.
The testing involved a multitude of cross-functional specialties
ranging from experimental global measurement techniques
and computational fluid dynamics to state-of-the-art material
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